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PREFACE. 


The  present  publication,  forming  the  first  volume  of  the  Mono- 
graph of  the  Geological  Survey  on  The  Silurian  Rocks  of  Great 
Britain  and  Ireland,  is  devoted  to  the  Silurian  formations  of 
Scotland.  It  presents  a  detailed  summary  of  all  that  is  known  up 
to  the  present  time  regarding  these  early  records  of  the  geological 
history  of  the  country.  While  the  extensive  and  minute  observa- 
tions of  the  Geological  Survey  necessarily  fill  the  greater  part  of 
the  book,  every  effort  has  been  made  in  the  historical  introduction 
(Chapter  II.)  to  do  full  justice  to  the  labours  of  other  observers 
and  to  give  to  each  writer  his  due  place  in  the  progress  of 
discovery. 

At  intervals,  during  several  years,  Messrs.  Peach  and  Home, 
following  up  the  researches  of  Professor  Lapworth,  which  supplied 
a  clue  to  unravel  the  stratigraphy  of  this  region,  have  been  engaged 
in  a  searching  investigation  of  the  Silurian  Rocks  of  the  South  of 
Scotland.  They  have  traversed,  sometimes  repeatedly,  the  various 
sections  of  the  strata  across  the  length  and  breadth  of  the  Southern 
Uplands.  They  have  mapped  on  the  ground  the  successive  rock-zones, 
traced  the  variations  of  these  zones  from  one  end  of  the  region  to 
the  other,  and  made  voluminous  notes  regarding  their  stratigraphy, 
tectonic  structure,  palaeontology,  and  petrography.  In  the  course 
of  this  work  the  fossils  have  been  collected  mainly  by  Mr. 
Macconochie.  The  large  mass  of  material  thus  acciunulated  has 
been  condensed  *and  arranged  in  the  following  chapters,  which,  it  is 
hoped,  will  form  a  sufl&cient  guide  to  future  geologists  who  may 
desire  to  study  the  country  described. 

The  attention  of  the  general  reader  is  specially  directed  to 
Chapters  III.  and  TV.,  which  present  a  condensed  account  of  the 
various  characteristics,  stratigraphical,  palseontological,  and  petro- 
graphical,  of  the  Silurian  Rocks  throughout  the  South  of  Scotland. 
Should  he  desire  more  detailed  information  regarding  any  particular 
formation  he  will  find  it  supplied  in  the  subsequent  chapters. 
In  these,  the  country  has  been  divided  into  a  few  large  tracts,  each 
of  which  forms  a  more  or  less  well  defined  geological  area.  The 
rocks  of  each  tract  are  described  in  stratigraphical  order,  beginning 
with  the  oldest,  and  their  variations  are  traced  as  these  are 
revealed  in  successive  sections  across  the  country.  This  combina- 
tion of  topographical  and  stratigraphical  treatment  seemed  to  be 
the  most  convenient  that  could  be  adopted  for  the  purposes  of  the 
geological  observer, 


IV 


While  both  the  authors  whose  names  appear  first  on  the  title- 
page  have  equally  collaborated  in  the  collection  and  working  out 
of  the  materials  for  this  work,  Mr.  Peach  has  been  specially 
entrusted  with  the  drawing  of  the  numerous  diagrams  introduced 
into  the  text,  with  the  preparation  of  the  map  and  sections,  and 
with  the  laborious  palaeontological  duties  that  have  been  required 
in  dealing  with  the  vast  mass  of  fossils  that  have  been  gathered 
together.  To  Mr.  Home  has  fallen  the  task  of  arranging  the 
materials  and  writing  nearly  the  whole  of  the  volume. 

Other  coadjutors  on  the  staff  of  the  Survey  have  been  Mr.  J.  J. 
H.  Teall,  F.R.S.,  who  has  written  Chapters  IV.,  XXVI.,  and 
XXVII.,  and  has  also  supplied  nearly  all  the  notes  on  microscopic 
sections  quoted  in  the  text ;  Dr.  Hatch,  who  while  in  the  service 
supplied  notes  on  a  few  microscopic  sections  of  Arenig  igneous  rocks 
from  the  district  between  Abington  and  Leadbum;  Mr.  A. 
Macconochie,  who  arranged  the  lists  of  fossils  inserted  in  the 
text,  and  assisted  Mr.  Peach  in  the  preparation  of  the  fossil  lists 
given  in  the  Appendix ;  and  Mr.  R.  Lunn,  who  took  the  original 
photographs  from  which  Plates  I.  to  XVII.  have  been  prepared. 

To  several  fellow-workers  outside  the  Survey  cordial  acknow- 
ledgments for  assistance  are  due.  Professor  Lapworth,  always 
ready  with  his  valuable  aid,  named  the  doubtful  species  of  grapto- 
lites  referred  to  him  from  time  to  time,  revised  certain  lists  of 
fossils,  and  has  been  kind  enough  to  supply  the  blocks  for  the  Plates 
of  graptolites.  Dr.  Traquair,  F.RS.,  furnished  the  descriptions  of 
the  remarkable  fossil  fishes  from  the  Upper  Silurian  Rocks  of 
Lanarkshire  and  Ayrshire.  Mr.  Malcolm  Laurie  gave  some  notes 
on  the  Arthropoda  from  the  Gutterford  Bum  in  the  Pentland 
Hills.  Mrs.  Gray  was  good  enough  to  prepare  for  us  a  list  of  the 
fossils  collected  by  her  and  her  family  from  the  Silurian  Rocks  of 
the  Girvan  district,  which  is  inserted  in  the  Appendix,  and  likewise 
permitted  us  to  refer  to  her  valuable  collection  during  the  examina- 
tion of  that  region. 
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CHAFrEE  I. 

Physical  Features  of  the  Siluriari  Region  of  Scotland, 

The  Southern  Uplands  foim  the  southmost  of  the  three  trans- 
verse belts  into  which  Scotland  is  divided  in  accordance  with 
its  topographical  features  and  geological  structure.  Bounded 
on  the  south  by  the  Solway  Firth  and  the  Cheviot  Hills  and  on 
the  north  by  the  central  lowlands,  they  stretch  as  a  continuous 
band  of  hign  ground  from  the  North  Sea  to  the  Irish  Channel. 

In  the  centi*al  and  eastern  districts,  the  scenery  of  these 
pastoral  uplands  is  wonderfully  uniform.  It  may  be  described 
as  a  succession  of  smooth  undulating  hills  and  bleak  moorland, 
which  are  traversed  by  a  series  of  deep  and  narrow  valleys,  and 
covered  with  gi'ass,  heath,  or  occasionally  %vith  peat.  Indeed  it 
is  mainly  in  the  glens  draining  the  highest  parts  of  the  plateau 
that  smooth  slopes  give  place  to  precipitous  crags.  In  the 
south-western  districts,  owing  to  the  presence  of  large  masses 
of  granite,  the  scenery  to  some  extent  resembles  that  of  the 
wilder  parts  of  the  Highlands.  Rugged  hills,  ci*ags,  and  rocky 
knolls  strewn  with  boulders  are  the  characteristic  features  of 
the  areas  between  Ciiifel  and  Bengaim,  between  New 
Galloway  and  Caimsmore  of  Fleet,  and  between  Loch  Dee  and 
Loch  Doon.  For  rugged  grandeur,  no  region  in  the  South  of 
Scotland  can  compare  with  the  lofty  granite  plateau  which 
skirts  the  eastern  slope  of  the  Meiiick  Hills. 

A  glance  at  an  orographical  map  of  the  Southern  Uplands 
shows  that  the  more  elevated  tracts,  ranging  from  1000  to  2000 
feet  in  height,  extend  along  the  northern  and  central  portions 
of  the  tableland,  and  that  only  in  certain  small  areas  do  they 
exceed  this  elevation.     In   the   far  north-east   lie  the    Lammer- 
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muir  Hills,  fi-om  1&8QL  ti^'*1700  feet  high,  which,  on  the  north, 
rise  with  a  steep  AqvlV  from  the  fertile  plain  of  East  Lothian, 
and  on  the  so<^t^j;*41ope  gently  do^vnw^i^s  into  the  Merse  of 
Berwickshire* '-.^Westwards  come  the  Moorfoot  Hills  with  a 
greater  elevatton,  forming  a  natural  wall  on  the  south-east 
margjjff.^of ">he  Carboniferous  basin  of  Midlothian.  Further  to 
thQ.jtotfC^-west,  in  the  region  between  Peebles  and  MofEat,  the 
ich^cacVeristic  features  of  a  lofty  tableland,  trenched  by  deep 
,'^  lltd' narrow  valleys,  are  strikingly  displayed.  Here  are  to  be 
•/••/••found  the  largest  relics  of  the  ancient  plateau,  rising  above  2000 
'••:,  •  feet;  the  area  round  Hartfell  (2651  feet)  and  White  Coomb 
(2695  feet)  measuring  eleven  square  miles,  and  that  round 
^road  Law  (2723  feet)  six  square  miles.  From  this  mass  of 
high  ground  some  of  the  larger  streams  radiate,  the  Tweed 
with  some  of  its  tributaries,  the  Annan,  and  the  Moffat  Water. 
In  the  upland  region  between  the  sources  of  the  Clyde  and 
the  Nith,  where  many  affluents  of  these  rivers  take  their  rise, 
the  Lowther  Hills  are  the  most  prominent  group,  the  highest 
eminence  being  the  Green  Lowther  (2403  feet). 

West  of  Jfithsdale,  though  there  are  marked  traces  of  a 
highly  denuded  tableland,  intersected  by  a  branching  system 
of  valleys,  the  most  prominent  physical  features  are  those 
associated  with  the  granite  masses  and  the  altered  Silurian  sedi- 
ments in  contact  with  the  granite.  Of  the  hills  formed  by 
eruptive  rocks,  reference  may  be  made  to  Criffel  (1866  feet) 
rising  with  a  steep  slope  from  the  shores  of  the  Solway,  to 
Caimsmore  of  Fleet  (2331  feet)  near  the  Sands  of  Cree,  to 
Cairnsmore  of  Carsphairn  (2612  feet)  near  the  head  waters  of 
the  Ken.  Still  more  conspicuous  are  the  lofty  parallel  ridges 
of  the  Merrick  and  Kells  Hills  running  in  a  north  and  south 
direction,  on  either  side  of  the  Loch  Dee  granite  mass.  They 
are  composed  of  Silurian  strata  altered  by  the  igneous  pro- 
trusions, which,  on  the  Merrick  (2764  feet),  form  the  highest 
ground  in  the  South  of  Scotland. 

From  the  slopes  of  the  Merrick  Hills  and  Cairnsmore  of 
Fleet,  westwards  to  the  Portpatrick  coast  line,  the  ground  falls 
below  the  level  of  1000  feet  save  on  the  heights  of  Beneraird 
(1435  feet)  at  the  head  of  Glen  App  and  other  localities.  This 
broad  expanse  of  rough  moorland  is  dotted  over  with  lochs  and 
covered  with  peat-mosses,  moraines,  and  other  glacial  deposits, 
interspersed  with  rocky  hills  and  knolls. 

Of  the  various  watersheds  in  the  Southern  Uplands,  the  most 
important  is  that  which  separates  the  streams  flowing  south- 
wards into  the  Solway  from  those  draining  north-westwards 
into  the  Firth  of  Clyde  and  eastwards  into  the  German  Ocean. 
It  is  noteworthy  that,  while  this  watershed  crosses  the  uplands 
from  the  Cheviot  Hills,  along  a  highly  sinuous  line,*by  the 
sources  of  the  Tweed  and  Clyde,  yet  on  reaching  the  basin  of 
the  Xith  it  leaves  the  Silurian  tableland  and  traverses  for  a 
short  distance  the  Carboniferous  lowlands  near  New  Cumnock. 
From  this  point  it  curves  round  the  head  waters  of  the  Nith 
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and  passes  along  the  northern  portion  of  the  uplands  by  Loch 
Doon  to  Loch  Byan.  It  is  obvious  that  this  watershed  must 
have  been  determined  at  a  remote  geological  period  when  the 
Silurian  uplands  were  partly  or  wholly  buriea  under  younger 
Palaeozoic  rocks. 

Of  the  various  river-systems  included  in  the  Southern 
Uplands,  one  of  the  lai^est — the  Tweed  with  its  numerous 
tributaries — ^flows  eastwards  into  the  German  Ocean.  Here, 
again,  it  is  interesting  to  observe  that  one  of  its  affluents,  the 
Lyne  Water,  rises  on  the  slopes  of  the  Pentland  Hills  several 
miles  to  the  north  of  the  Silurian  tableland,  and  after  crossing 
the  Old  Red  Sandstone  plateau  at  West  Linton,  enters  the 
uplands  near  Romanno  bridge,  and  joins  the  Tweed  west  of 
Peebles.  The  streams  draining  into  the  Firth  of  Clyde  are 
the  Clyde,  the  Doon,  the  Girvan,  and  the  Stinchar;  while 
those  flowing  southwards  into  the  Solway  Firth  include  the 
Esk,  the  Annan,  the  JsTith,  the  Dee,  the  Fleet,  the  Cree,  and 
the  Water  of  Luce.  Many  of  the  latter  spring  from  the" 
heights  near  the  northern  margin  of  the  tableland  and  traverse 
nearly  the  whole  breadth  of  the  uplands  in  their  southward 
course.  The  Nith  presents  one  distinctive  feature  which  is 
worthy  of  note,  for  it  rises  on  the  northern  slope  of  the  Silurian 
tableland  and  flows  northwards  on  to  the  Carboniferous  low- 
lands near  Xew  Cumnock;  thence  curving  round  towards  the 
south,  it  winds  its  way  across  the  uplands  to  the  Solway. 

The  valley  system  just  described  is  indeed  a  marvellous  monu- 
ment of  denudation.  It  has  been  carved  out  of  an  extensive 
plateau  of  Silurian  rocks  which  have  been  intensely  folded  and 
puckered;  the  drainage  system  being  altogether  independent 
of  the  curvature  of  the  strata.  In  the  sequel  (page  78)  it  will 
be  shown  that,  in  part  at  least,  it  dates  back  to  remote  geo- 
logical periods,  for  once  and  again  the  Silurian  rocks  have  been 
buried  under  younger  Palaeozoic  deposits  which  have  been 
almost  wholly  removed,  save  in  the  Eastern  Lammermuirs,  Lauder- 
dale, Nithsdale,  Annandale,  and  the  basin  of  Loch  Ryan. 

Along  the  northern  margin  of  the  tableland,  the  Silurian 
sti'ata  are  bounded  by  a  powerful  fault,  traced  nearly  from  sea 
to  sea,  which  lets  down  the  Old  Red  Sandstone  and  Carboni- 
ferous rocks  of  the  central  lowlands.  In  the  south  of  Ayr- 
shire, near  the  source  of  the  Stinchar,  this  dislocation  enters 
the  uplands  and  descends  the  Water  of  Muck  and  Glen  App 
to  Loch  Ryan,  thence  across  the  Corsewall  promontory  to  the 
Irish  Channel.  On  the  south-east  side  of  the  uplands  from  the 
Merse  of  Berwickshire,  southwards  by  the  Vale  of  Teviot  and 
Liddisdale  to  the  shores  of  the  Solway,  the  Silurian  rocks  are 
unconformably  overlain  by  Old  Red  Sandstone  and  Carboni- 
ferous strata,  which  dip  away  from  the  denuded  slopes  of  the 
old  Palaeozoic  land-surface. 

In  the  following  chapter  we  shall  endeavour  to  show  that 
since  the  days  of  Huttcn  and  Hall  various  sections  in  the 
Southern  Uplands  have   become   classic  ground  to   geologists 
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from  the  evidence  which  they  furnished  in  support  of  the 
Huttonian  theory,  and  further,  that,  in  the  closing  decades  of 
the  present  centuiy,  these  Silurian  rocks  have  become  widely  known 
through  the  researches  of  Professor  Lapworth,  wno,  by  the  zonal 
distribution  of  the  graptolites,  supplied  a  clue  to  the  unravelling 
of  the  complicated  stratigraphy  of  the  whole  region.* 

*  The  area  occupied  by  the  Silurian  strata  of  the  Southern  Uplands  with  the  associated 
granite  maBses,  now  uncovered  by  later  Palseozoic  rock&  has  been  estimated  by  Mr.  F. 
BoRse,  of  the  G«ographical  Institute,  Edinbni^b,  to  be  2584  square  miles. 
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CHAPTER  n. 

Historry  of  PrfniouJi  Besearches  among  the  Silnrwn  Bot^hn  of  tlve 

Smith  of  Scotlaiul. 

TowAEDS  the  close  of  last  century,  when  Hutton  was  laying  the 
foundations  of  physical  geology,  the  Southern  Uplands  played 
an  important  part  in  establismng  the  truth  of  the  Hutionian 
theoiy.  Hutton  observed  that  the  tract  of  schistus  mountains, 
extending  from  St.  Abbs  Head  to  Portpatrick,  where  the  strata 
are  hiffhly  inclined  or  vertical,  is  flanked  on  each  side  of  the 
ridge  by  nearly  horizontal  beds,  resting  on  the  upttirned  edges 
of  the  older  rocks.  He  contended  that  the  vertical  strata  of 
the  schistus  mountains  had  been  originally  deposited  as  sedi- 
ment on  the  sea  floor,  and  that  by  the  action  of  the  earth's 
internal  heat  they  had  been  consolidated  and  elevated  so  as  to 
form  a  land-surface.  He  farther  held  that  the  vertical  schistus 
had  been  denuded  by  natural  agencies  before  the  deposition  of 
the  horizontal  strata,  and  that  the  overlying  conglomerates, 
sandstones,  and  shales  are  merely  the  consolidated  gravel,  sand, 
and  mud  derived  from  the  waste  of  the  underlying  rocks.  In 
support  of  these  conclusions,  he  referred  to  the  section  of 
Siccar  Point  on  the  Berwickshire  coast,  which  he  had 
visited  with  his  friends  Sir  James  Hall  and  Professor  Plavfair 
in  1788 ;  and  also  to  that  in  the  river  Jed  south  of  Jedburgrh — 
the  latter  being  illustrated  with  a  drawing  by  Mr.  Clerk  of  Eldin 
— where  conglomerates,  sandstones,  and  marls  (Upper  Old  Red 
Sandstone)  rest  tinconformably  on  the  vertical  schistus 
(Silurian).  These  views  regarding  the  origin  and  physical 
history  of  the  Palaeozoic  rocks  were  gradually  worked  out  by 
Hutton  before  the  publication  of  his  great  work  in  1795,  and  are 
now  adopted  as  fundamental  principles  of  geology.* 

In  1792,  his  generalisations  were  confirmed  in  a  remark- 
able manner  by  the  discovery  of  organic  remains  in  one 
of  the  bands  of  limestone  in  the  Southern  Uplands.  While 
riding  between  Noblehouse  and  Crook  on  his  way  to  Moffat,  Sir 
James  Hall  visited  the  limestone  quarry  at  Wrae  in  Peebles- 
shire, where,  among  the  blocks  lately  broken  off  for  use,  he 
found  shells  quite  distinct  and  in  great  abundance.  Regard- 
ing the  value  of  such  evidence,  Hutton  remarked,  **I  have 
al^ady  observed  that  one  single  example  of  a  shell,  or  of  its 
print,  in  a  schistus,  or  in  a  stone  stratified  among  these 
vertical  or  erected  masses,  suflSces  to  prove  the  origin  of  these 

•  "Theor>'  of  the  Earth."     Vol.  I.,  pp.  421,  4-31.  437.  4.'»4. 
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bodies  to  have  been,  what  I  had  maiutained  them  to  be,  water- 
formed  strata  erected  from  the  bottom  of  the  sea."* 

In  his  '*  Mineralogy  of  Dumfries,"  published  in  1805, 
Jamieson  grouped  these  older  Palaeozoic  sediments  with  the 
Transition  Rocks  or  Grauwacke  Series  of  Werner.  He  had 
traced  them  from  the  northern  extremity  of  the  Pentland  Hills  to 
Langrobie  in  Dumfriesshire  about  three  miles  from  the  Solway 
Firth.  He  fuither  states  that  the  same  class  of  rocks  reaches 
from  Langholm  to  Moniaive,  terminating  near  New  Galloway, 
where  they  give  place  to  primitive  strata.  The  Moorfoots  are 
occupied  by  Transition  rocks,  and  he  had  every  reason  to 
believe  that  they  extend  as  far  as  St  Abbs  Head.  He  gives 
lithological  descriptions  of  various  rocks  in  the  series. 

In  1812,  an  important  paper  was  communicated  to  the  Royal 
Society  of  Edinburgh  by  Sir  James  Hall,  in  which  he  endea- 
vours to  account  for  the  remarkable  undulations  of  the  grey- 
wacke  series  which  had  then  been  proved  to  extend  from  the 
sea-coast  of  Galloway  to  Berwickshire.  While  visiting  the 
shore-sections  in  Berwickshire  in  1788  with  Hutton  and  Play- 
fair,  it  occurred  to  him  that  the  folds  might  be  accounted  for 
by  supposing  that  the  strata,  originally  flat,  had  been  subjected 
to  compression  by  forces  acting  in  oppasite  directions,  under  a 
superincumbent  weight  that  might  be  upheaved  by  a  powerful 
exertion.  He  inferred  that  when  the  forces  were  simple  or 
regular,  they  would  produce  simple  curvatures.  When  com- 
plicated, or  where  they  acted  at  successive  periods,  the}^ 
may  have  given  rise  to  abnormal  folds.  The  founder  of 
experimental  geology  at  once  proceeded  to  test  his  conjectures 
by  experimental  methods.  He  devised  a  machine  whereby 
pliable  beds  of  clay  were  pressed  together,  and  thus  produced 
isoclinal  and  normal  folds  similar  to  those  at  Fast  Castle  in 
Berwickshire.  His  results,  figured  in  the  Transactions  of  the 
Society,  have  a  special  interest  in  view  of  recent  researches  on 
mountain-building  on  the  Continent,  in  America,  and  in  Britain,  f 

Proceeding  to  consider  how  the  horizontal  thrust  may  have 
been  produced,  he  suggested  that  it  might  be  explained  by 
Hutton's  original  hypothesis,  according  to  which  our  con- 
tinents have  been  raised  from  the  bottom  of  the  sea  and 
elevated  to  their  present  position  by  the  internal  action  of  the 
same  heat  which  shows  itself  externally  in  volcanoes. 

In  this  paper  also,  the  author  endeavours  to  account  for  the 
convolutions  of  the  schists  and  greywackes,  partly  by  the 
intrusion  of  granite.  Subsequent  to  1790,  he  had  visit^ed  on  several 
occasions  the  mass  of  granite  to  the  west  of  Loch  Ken,  and 
had  made  observations  that  confirmed  his  previous  conclusions.  He 
describes  in  considerable  detail  the  nature  of  the  junction 
between  the  granite  and  the  schistus  from  the  Hill  of  Lauren  to 

•  "  Theory  of  the  Earth."    Vol.  I.,  pp^  334-6. 

t  Sir  James  Hall.  "  On  the  Vertical  Position  and  Ck)n volutions  of  Certain  Strata  and 
their  Relation  with  Granite."  Read  8rd  Feb.  1812.  Published  1815.  Trans.  Roy.  Soc. 
Edin.    Vol.  VTI.  ' 
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New  Galloway,  iiiclicating  the  best-marked  veins  of  granite 
which  occur  at  these  locsuities.  He  infers  that  the  granite  is 
posterior  to  the  schists,  and  has  flowed  into  its  present  position 
from  below  upwards,  in  a  liquid  state. 

After  a  lapse  of  more  than  a  quarter  of  a  century,  the  progress  of 
research  among  these  older  Palaeozoic  rocks  was  signalised  in 
18*39  by  the  announcement  of  further  discoveries  of  organic 
remains  made  by  Mr.  Charles  MacLaren  and  Mr.  J.  Carrick 
Moore.  The  former  author,  in  his  volume  on  the  "  Geology  of 
Fife  and  the  Lothians,"  notes  the  occurrence  of  an  Orthoceras, 
subsequently  named  Orthoceras  MacLareniy  and  fragments 
which  had  some  resemblance  to  parts  of  small  trilobites  in  the 
greywacke  slate  near  Deerhopefoot,  by  the  side  of  a  small 
sti*eam  that  falls  into  the  North  Esk  in  the  Pentland  Hills. 
Early  in  the  same  year  a  brief  notice  was  communicated  to  the 
Geological  Society  of  London  by  Sir  Charles  Lyell  on  the 
occurrence  of  graptolites  in  the  slates  of  Loch  Byan,  Wigtown- 
shire, which  had  been  found  by  Mr.  J.  Carrick  Moore.* 

In  1840  Mr.  J.  Carrick  Moore  communicated  a  paper  to  the 
Geological  Society  of  London  "  On  the  Rocks  which  form  the 
west  shore  of  the  Bay  of  Loch  Ryan  in  Wigtownshire,"  in 
which  he  recognises  tne  strata  as  forming  part  of  the  great 
greywacke  chain,  which  had  been  coloured  in  the  geological 
maps  of  Dr.  Macculloch  and  Mr.  John  Phillips  as  a  belt  stretching 
from  the  Lrish  Sea  to  St.  Abbs  Head.  He  refers  to  the  prevailing 
strike,  the  coarse  conglomerates  with  pebbles  of  igneous  rock  near 
Corsewall  Lighthouse,  and  the  graptolites  occurring  abundantly 
in  certain  seams.t 

In  1841,  Professor  Nicol's  essay  **  On  the  Geology  of  Peebles- 
shire" appeared  in  the  Transactions  of  the  Highland  Society. 
In  his  early  years  he  had  roamed  far  and  wide  over  the  hills 
and  glens  in  his  native  valley  of  the  Tweed,  and  had  discovered 
graptolites  in  the  Grieston  Slates  in  that  county.  Following 
the  nomenclature  then  in  vogue,  he  grouped  the  greywackes 
and  associated  slates  with  the  Transition  Series  of  Wemer.J 

In  an  essay  on  the  Geology  of  the  Stewartry  of  Kirkcudbright 
by  Mr.  R.  H.  Cunningham,§  published  in  1843,  a  descriptii^n 
is  given  of  the  different  groups  of  rock  which  enter  into 
the  geological  structure  of  the  county.  The  author  notes 
generally  the  character  of  the  Silurian  rocks  with  reference  to 
dieir  contortions,  but  attempts  no  classification  of  their  different 
beds.  He  indicates  the  representatives  of  the  lower  stratified 
rocks  found  on  the  shore,  and  describes  in  detail  the  various 
masses  of  granite  and  their  relation  to  the  Transition  strata. 
He  calls  attention  to  the  occurrence  of  syenite,  porphyry,  and 
trap  in  various  parts  of  the  Stewartry,  and  alludes  to  the  con- 

*  ''  GMlogy  of  Fife  aud  the  Lothians,"  1839,  p.  203.  **  The  Occurrence  of  Graptolites 
in  the  Slate  of  Galloway.*'    C.  Lyell.     Proc.  of  the  Geol.  Soc.     Vol.  TIL,  p.  28. 

t  Proc.  of  the  Geol.  Soc.    Vol.  III.,  p.  277. 

JTrans.  of  the  High.  Soc.    Vol.  VIIL,  p.  149. 

§ "  Geoffnostica]  Description  of  the  Stewartry  of  Kirkcudbrightshire."  High.  Soc, 
Trana.    (New  aeries.)    Vol.  VIIL   p.  697. 
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nection  between  granite,  syenite,  and  porphyry,  regarding 
them  as  mineralogieal  varieties  which  had  a  contemporaneous 
mode  of  formation. 

In  1843  Mr.  Thomas  Stevenson  read  a  paper  before  the 
Wemerian  Natural  History  Society  **0n  the  Geology  of  the 
Island  of  Little  Ross,  Kirkcudbrightshire,"*  in  which  he 
describes  the  lithological  characters  of  the  strata  and  announces 
the  discovery  by  Mr.  I.  T.  Syme,  C.E.,  of  a  shell  resembling  a 
TerebratuUi.  He  also  records  the  discovery  by  Mr.  Fleming, 
of  Kirkcudbright,  of  an  Orthoceras  in  the  Silurian  rocks  on 
the  mainland  opposite  to  Little  Boss  Island. 

In  1844,  appeared  Professor  Nicol's  "  Guide  to  the  Geology 
of  Scotland,"  in  which  he  makes  the  following  statement  with 
reference  to  the  strata  of  the  Silurian  tableland :  *'  Fossils  are 
so  extremely  rare  in  all  this  series  of  rocks  that  they  furnish 
almost  no  assistance  in  classifying  them.  Graptolites  and  a 
few  shells  have  been  found  in  Kirkcudbrightshire  and  Peebles- 
shire, and  some  obscure  vegetable  impressions  in  Roxburgh- 
shire :  but  these  are  the  whole  amount,  and  hardly  serve  to 
connect  this  formation  with  the  Transition  rocks  of  England, 
far  less  to  enable  us  to  arrange  the  various  beds  in  their  true 
order.  It  is  usual  to  consider  this  whole  series  as  synchronous 
with  the  older  Silurian  rocks  of  Mm'chison.^t 

In  1848,  a  marked  advance  was  made  by  Professor  Nicol, 
in  a  paper  "  On  the  Geology  of  the  Silurian  Rocks  in  the  Valley 
of  the  Tweed,"  in  which  he  correlates  the  strata  on  palsBonto- 
logical  grounds  with  Murchison's  Silurian  formation  of  Wales, 
and  gives  the  first  general  description  of  the  succession  of  the 
rocks.  He  observes  that,  in  tracing  the  formation  from 
Peebles  and  the  Lothians,  through  Selkirk  and  Roxburgh  to 
the  confines  of  England,  the  coarser  beds  predominate  in  the 
north,  while  the  finer-grained  rocks  prevail  in  the  south.  He 
infers  that  the  materials  may  have  been  derived  from  the 
north  and  deposited  in  a  sea  becoming  deeper  to  the  south. 
From  the  constituents  of  the  sediments,  he  concludes  that  they 
may  have  been  derived  from  the  North  of  Scotland. 

Of  special  interest  is  Nicol's  description  of  the  rocks 
associated  with  the  Wrae  Limestone.  The  quarry  having  been 
abandoned,  he  was  unable  to  estimate  the  thickness  of  the  lime- 
stone, but  he  states  that  it  is  covered  by  blue  slate  in  which  he 
found  angular  nodules  of  limestone  from  an  inch  to  several  feet 
in  diameter.  In  the  slate  he  found  no  organic  remains;  but 
the  masses  of  limestone  are  full  of  them,  appearing  therein  as 
a  crystalline  mass  of  encrinite  stems.  A  list  of  fossils,  with 
notes  by  Mr.  Salter,  is  appended,  who  was  then  inclined  to 
regard  the  strata  as  of  Lower  Silurian  age.J 

In  this  paper  also,  a  suite  of  fossils,  collected  by  Mr.  Fleming 
from  the  rocks  on  the  shore  south  of  Kirkcudbright  and  trans- 

♦  Bdin.  New  Phil.  Jour.    Vol.  XXXV.,  p.  83. 

•t  "  Guide  to  the  Geologry  of  Scotland"    Pages  28-29.     1844. 

:^  Quart.  Jour.  Geol.  Soc.     Vol.  IV..  p.  195. 
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mitted  by  Lord  Selkirk  to  the  Geological  Society  of  London, 
is  named'  by  Salter.  He  concludes  that  ''  on  the  whole  the 
fo8sils  appear  to  be  of  the  date  of  the  Wenlock  Shales." 

While  Xicol  was 'thus  exploring  the  central  portion  of  the 
tableland,  Mr.  J.  Canick  Moore  was  extending  his  observations 
along  the  western  margin.  In  a  paper  "  On  some  Fossiliferous 
Beds  in  the  Silurian  Bocks  of  Wigtownshire  and  Ayrshire," 
contributed  to  the  Geological  Society  of  London  (read  ifay  17th, 
1848.  and  published  in  1849),*  the  author  describes  the  general 
characters  of  the  Silurian  strata  from  the  Mull  of  Galloway 
to  Corsewall  Point,  indicating  various  localities  where  grapto- 
lite  shales  occur  (Cairn  Ryan,  Dally  Bay,  etc.),  and  giving  a 
horizontal  section.  He  further  makes  the  important 
announcement  of  the  discovery  of  a  band  of  fossiliferous  lime- 
stone which  he  had  observed  at  five  localities  along  the  course 
of  the  valley  of  the  Stinchar  (the  Stinchar  Limestone). 

A  note  by  Salter,  on  the  fossils  from  the  limestone  of  the 
Stinchar  and  the  slates  of  Loch  Ryan,  is  appended,  in  which 
he  states  that  the  former  are  decidedly  of  Lower  Silurian  age, 
and  that  he  would  identify  them  at  once  as  belonging  to  the 
same  epoch,  if  not  to  the  same  bed,  as  those  of  the  Wrae  Lime- 
stone in  Peeblesshire.  A  list  of  fossils  from  the  limestone  is 
given  and  specimens  are  figured,  including  the  first  notice  of 
the  genus  Maclurea  in  Britain. 

In  1849,  Professor  Nicol,  haring  made  traverses  over  a  great 
part  of  the  Southern  Uplands,  communicated  a  further  paper 
to  the  Geological  Society  "  On  the  Silurian  Strata  of  the  South- 
east of  Scotland."!  Graptolites  from  Grieston  and  Thornilee 
are  recorded,  and  several  examples  are  figured  for  the  first  time 
from  that  region.  He  states  "  that  from  the  whole  facts  noticed 
in  this  and  a  former  paper,  there  can  be  little  doubt  that  the 
slates  and  greywackes  of  this  part  of  Scotland  belong  to  the 
Lower  Silurian  period,  and  are  probably  the  equivalents  of  the 
Llandeilo  flags  of  Wales." 

From  the  stratigraphical  relations  of  the  strata,  Nicol  infers 
that  "  in  this  part  of  the  chain  there  is  an  anticlinal  axis  over 
which  the  beds  have  been  folded.  Taken  generally,  this  axis 
will  pass  from  the  group  of  felspar-porpnyry  hills  east  of 
Innerleithen  to  Loch  Skene,  north  of  Moffat." 

In  1850,  a  further  advance  was  made  in  the  investigation  of 
these  Silurian  rocks  by  Professor  Harkness,  who,  in  his  native 
county  of  Dumfries  and  in  the  adjoining  county  of  Kirkcud- 
bright, had  studied  their  development.}  The  results  of  his 
researches  were  embodied  in  a  paper  contributed  to  the  Geo- 
logical Society  of  London.  The  author  describes  generally  the 
strata  entering  into  this  formation;  indicating  in  particular 
three  parallel  bands  of  anthracitic  or  black  shales  which  he  had 

♦  Quart.  Jour.  Geol.  Soc.     Vol.  V.,  p.  7. 
+  Quart.  Jour.  Geol.  Soc.    Vol.  VI.,  p.  63. 

J  "  On  the  Silurian  Rock*  of  DiimfrieRshire  and  Kirkcudbright."    Quart.  Jour.  Geo'. 
Soc.    Vol.  VTT.,  p.  46.    Pub.  1851. 
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traced  for  miles  ;  (1)  Hartfell,  Greskiue,  &c.,  (2)  Dobb's  Linn, 
Frenchland  Burn,  &c.,  (3)  Selcoth  Bum  and  Craigniichan 
Scaurs.  He  regards  them  as  repetitions  o|  the  same  band  due 
to  a  series  of  parallel  faults  which  might  probably  account  for 
the  prevalent  N.X.W.  dip  of  the  strata. 

After  referrijig  to  the  existence  of  Wenlock  Shales  at  Kirk- 
cudbright and  their  fossils,  Harkness  proceeds  to  describe  the 
inclinations  of  the  strata  between  Kirkcudbright  and  Lockerbie. 
He  infers  that  an  anticlinal  axis  traverses  the  range  near  its 
southern  extremity,  and  suggests  that  it  may  have  resulted  from 
the  granite  eruption  of  Criffel. 

Towards  the  close  of  1850  Professor  Harkness  communicated 
to  the  Geological  Society  a  description  of  the  Upper  Silurian 
strata  on  the  east  side  of  Kirkcudbright  Bay,  including  the 
graptolitic  flagstones  and  soft  grey  shivery  shales  with  lime- 
stone nodules.*  He  refers  to  the  graptolites  occurring  in  pro- 
fusion in  certain  bands  and  to  the  orthoceratites,  and  states 
that  the  general  character  of  the  fossils  in  the  deposits  about 
Balmae  is  such  as  to  indicate  an  intimate  relation  between 
the  Wenlock  Shales  and  this  portion  of  the  Silurian  series. 
A  description  of  the  graptolites  from  the  black  shales  of 
Dumfriesshire,  which  had  been  submitted  by  Professor  Hark- 
ness to  M.  Barrande  and  Mr.  Salter,  is  appended  to  this  paper. 

From  the  statements  made  in  the  foregoing  paragraphs  it  is 
clear  that  some  progress  had  already  been  made  in  the  explora- 
tion of  the  rocks  of  the  Silurian  tableland,  chiefly  through  the 
researches  of  Nicol,  Oarrick  Moore,  and  Harkness,  aided  by 
the  Silurian  palaeontologist  Salter,  when  in  1850  Sedgwick 
and  Murchison,  with  the  knowledge  gleaned  from  a  prolonged 
study  of  the  Silurian  and  Cambrian  rocks  of  Wales,  endea- 
voured to  correlate  the  old  Palaeozoic  rocks  of  the  South  of 
Scotland  with  their  probable  equivalents  in  the  Welsh 
Principality. 

In  1850,  Professor  Sedgwick  communicated  a  paper  to  the 
meeting  of  the  British  Association  in  Edinburgh  **  On  the 
Geological  Structure  and  Relations  of  the  Frontier  Chain  of 
Scotland."!  Having  crossed  the  chain  in  1841  with  Mr.  J. 
Carrick  Moore,  and  having  made  further  traverses  in  1848  with 
the  hope  of  determining  (on  the  principles  laid  down  by  Professor 
Rogers)  the  line  from  which  the  undulations  had  originated, 
Sedgwick  arranged  the  strata  in  five  successive  groups  in 
ascending  order: 

1.  A  group  of  hard  arenaceous  beds  always  in  a  highly 
inclined  position,  in  which  a  pyritous  alum  schist  abounds, 
extending  from  Lockerbie  to  the  neighbourhood  of  Moffat. 
The  alum  slates  are  crowded  with  graptolites. 

2.  A  great  arenaceous  group  with  bands  of  earthy  flagstone 

•  Quart.  Jour.  Geol.  Soc.     Vol.  VII.,  p.  54.     Read  Dec.  4,  1850. 

fBrit.  Assoc.  Rep.  for  1860.     Trans.  Sects.,  p.  103.     And  Edin.  New  Phil.  Jour. 
Vol.  LI.,  p.  260. 
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and  coai-se  slate,  part  of  which  is  well  exposed  iii  the  railway 
cuttings  north  of  Moft'at.  This  series  extends  into  Peeblesshire 
and  the  upper  parts  of  the  valley  of  the  Tweed,  and  thence  to 
St.  Abbs  Head.  Some  calcareous  bands,  associated  with  verj^ 
coarse  conglomerates,  appear  in  this  group  north  of  Peebles, 
and  a  well-defined  bed  of  limestone  is  seen  at  Wrae  and 
Drummelzier. 

3.  South  Girvan  group,  comprising  the  Stinchar  Limestone 
and  associated  conglomerates,  together  with  the  sti^ata  forming 
the  plateau  between  the  valleys  of  Girvan  and  Stinchar  and 
visible  on  the  shore  south  of  Girvan. 

4.  North  Girvan  group,  the  members  of  which  constitute  the 
Craighead  "  inlier "  north  of  the  Girvan  valley.  It  includes 
the  Craighead  Limestone,  which  is  associated  with  a  great  mass 
of  trap,  shelly  sandstones,  with  shales  and  flagstones  containing 
numerous  trilobites. 

5.  Balmae  group.  The  members  of  this  sub-division  bound 
the  south-east  extremity  of  Kirkcudbright  Bay,  and  are  com- 
posed of  thick-bedded  grej^wacke  alternating  with  flagstone 
in  thin  beds  together  with  thick  masses  of  indurated  slate.  Some 
of  the  beds  contain  numerous  graptolites,  while  the  calcareous 
concretions  are  associated  with  corals,  orthoceratites,  and  shells. 

In  the  concluding  remai'ks  to  his  paper,  Sedgwick  states 
that  the  lowest  fossils  in  the  chain  appear  to  be  graptolites. 
The  South  Gii'van  group  is  compared  with  the  Bala  and  Coniston 
Limestone,  while  the  North  Girvan  group  is  correlated  with 
the  grits  and  shelly  sandstones  that  overlie  the  Llandeilo 
Limestone.  Finally,  he  expresses  his  belief  that,  while  the 
Grampians  had  probably  tneir  greatest  elevation  after  the 
period  of  the  Old  Red  Sandstone,  the  prijicipal  elevations  of  the 
frontier  chain  (Southern  Uplands)  were  produced  before  the 
deposition  of  the  Old  Bed  Sandstone. 

A  list  of  organic  remains,  collected  by  Sedgwick  in  the 
course  of  his  traverses  and  determined  bv  Professor  M*Cov,  is 
appended  to  this  paper. 

In  1850  also,  Sir  Roderick  Murchison  made  a  series  of  traverses 
across  the  Silurian  tableland,  accompanied  by  Professor  Nicol, 
and  during  part  of  the  time  by  Professor  Harkness.  Having 
visited,  at  various  periods,  portions  of  the  Southern  Uplands, 
he  had  a  strong  desire  to  examine  the  rocks  more  closely,  as 
they  had  been  referred  by  others  to  the  Silurian  system.  He 
was  further  stimulated  to  pursue  his  investigations  by  Sedg- 
wick's verbal  communication  to  the  Geological  Section  of  the 
British  Association  at  Edinburgh  on  the  highly  fossiliferous 
rocks  near  Girvan.  A  large  collection  of  organic  remains  was 
obtained  in  the  course  of  these  traverses,  which  was  sub- 
sequently determined  bv  Mr.  Salter.  The  results  of  these 
observations  were  emboAed  in  an  elaborate  memoir,  published 
in  the  Quarterly  Journal  of  the  Geological  Society  in  1851.  A 
list  of  Silurian  fossils  from  Ayrshire,  with  descriptions  of  some 
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of  the  special  types,  was  appended,   together  witli  a  geological 
sketch  map  of  the  coast  of  Carrick,  Ayrshire. 

The  rocks  constituting  the  Silurian  series  of  Ayrshire  are 
arranged  by  Murchison  in  the  following  descending  order : 

8., Schists  and  iic^gstones  (orthoceratites). 
2.  Shelly  greywackes,  sandstones  with  conglomerates  (Cara- 
doc  and  Llandeilo). 

1.  Limestone  and  schist  (Lower  Llandeilo). 

The  orthoceratite  flags  and  graptolite  schists  of  Piedmont, 
Ardwell,  and  Penwhapple  Burn,  forming  the  highest  sub- 
division, are  represented  as  occupying  a  sjTicline  on  the  south 
side  of  the  Girvan  valley;  the  beds  being  traceable  from  the 
shore  at  Ardwell  eastwards  to  Penwhapple  Glen.  They  are 
mapped  as  resting  on  the  grits  of  Saucii  Hill  and  the  coarse 
conglomerates  of  Kennedy's  Pass.  Again,  on  the  north  side  of 
the  Girvan  valley,  he  refers  the  shelly  sandstones  of  MuUoch 
Hill  to  his  middle  grouj),  and  the  trilobite  shales  of  Drummuck 
to  the  upper  division.  The  lower  group  includes  the  limestones 
of  Stinchar,  Tormitchell  (Tramitchell),  and  Craighead,  being 
brought  to  the  surface  by  a  series  of  axial  folds.  He,  however, 
calls  attention  to  a  suggestion  of  Professor  Nicol's  that  the 
shelly  sandstones  of  Saugh  Hill  (Group  2)  may  overlie  the 
orthoceratite  flags  (Group  3).  Reference  is  made  to  the  great 
series  of  igneous  rocks  so  prominently  developed  in  certain 
aieas. 

Regarding  the  structure  of  the  Southern  Uplands  generally, 
Murchison  accepts  the  view  that  a  powerful  anticlinal  arch 
passes  somewhere  near  Dumfries,  and  north-east  by  Lockerbie ; 
but  owing  to  the  extraordinary  folding  of  the  strata,  he  found 
it  difficult  to  arrive  at  a  reliable  order  of  succession.  He,  how- 
ever, made  an  important  suggestion,  that  the  three  bands  of 
anthracite  shales  traced  by  Professor  Harkness  may  be 
repeated  by  folds  rather  than  by  faults ;  the  upper  parts  having 
been  removed  by  denudation.  Murchison  clearly  saw  that, 
whatever  be  the  exact  place  of  the  graptolite  shales  in  the 
Silurian  series,  the  recognition  of  their  being  repetitions  of  one 
band,  by  means  of  folds,  formed  an  important  step  in  limiting 
the  thickness  of  the  strata. 

Regarding  the  age  of  the  beds  of  the  central  chain, 
Murchison  states  that  it  is  difficult  to  decide  the  question,  since 
there  are  scarcely  any  other  fossils  than  graptolites  and  certain 
obscure  orthoceratites  with  annelida  in  the  /schists  of  Dumfries- 
shire. He  considers  that  Harkness,  in  viewing  them  as  an 
upper  portion  of  the  Lower  Silurian  rocks,  places  them  rather 
high  in  the  series.  He  suggests  that  "  they  probably  represent 
that  great  mass  of  Welsh  schist  which  underlies  the  Llandeilo 
or  Bala  Limestone,  but  is  still  superior  to  the  lowest  zone  of 
Silurian  life." 

With  reference  to  the  strata  at  Balmae  Head,  Kirkcudbright, 
Murchison.  accepts  the  conclusion  arrived  at  by  Salter  from  a 
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determination  of  tlie  fossils,  that  these  beds  could  not  be  older 
than  the  Wenlock  Shales. 

In  1852,  Professor  Xicol  announced  the  results  of  his 
detailed  researches  among  these  Silurian  rocks,  giving  a  hori- 
zontal section  drawn  across  the  chain  from  the  Pentlands  to  the 
Cheviots. 

Continuing  his  traverses  in  the  South  of  Scotland,  Professor 
Harkness  stated  in  1852  that  he  had  traced  the  anthracite  bands 
of  Dumfriesshire  through  the  greater  part  of  Selkirkshire  to 
the  neighbourhood  of  Galashiels.*  He  no  longer  referred  the 
Silurian  rocks  of  Dumfriesshire  to  Cai-adoc  time  as  in  his 
former  memoir,  but  regarded  them  as  lying  below  the  represen- 
tatives of  the  Llandeilo  flags,  as  suggested  by  Murchison.  A 
note  by  Salter,  descriptive  of  some  graptolites  collected  by 
Harkness  from  the  South  of  Scotland,  precedes  this  paper. 

The  first  detailed  description  of  the  Upper  Silurian  rocks 
of  the  Kirkcudbright  shore  was  given  by  Professor  Harkness 
in  1853.  The  strata  from  Netherlaw  Point  to  Balmae  Head 
are  classified  by  him  in  three  groups :  1,  Shale  and  sandstone  at 
the  top;  2,  Greywacke  sandstone;  3,  Indurated  black  shales 
with  graptolites.  A  prominent  sub-division  of  the  highest 
group  consists  of  grey  shales  with  fossiUferous  calcareous 
nodules,  alternating  with  light  grey  ripple-marked  sandstones. 
Prom  Group  3  he  obtained  Graptolithus  priodmt,  G.  Flemv/ign, 
and  orthoceratites.  He  mentions  the  occun-ence  at  Coal  Heugh, 
near  Barcaple,  of  anthracite  bands  (black  shales)  which  connect 
the  rocks  in  the  Dee  with  the  lowest  beds  in  the  Silurian 
system.  The  results  of  his  observations  are  embodied  in  the 
following  general  conclusion :  that  we  have  in  this  portion 
of  the  Stewartry  (1)  certain  deposits  representing  the  Llandeilo 
flags,  (2)  conglomerates  and  sandstones  which  may  be  regarded 
as  the  representatives  of  the  Caradoc  Sandstone,  and  (3)  a 
higher  series  of  beds  (Balmae  beds)  which  are  the  equivalents 
of  the  lower  portion  of  the  Upper  Silurian  rocks. 

The  discovery  by  Dr.  Slimon  of  beautifully  preserved  crus- 
taceans in  the  Silurian  rocks  of  the  Lesmanagow  district 
resulted  in  important  additions  to  our  knowledge  of  the 
"inliers"  of  these  strata  in  the  midst  of  the  Old  Red  Sandstone  of 
Lanarkshire.  Accompanied  by  Sir  Andrew  Ramsay  and  Dr. 
Slimon,  Murchison  visited  that  district  and  examined  the 
sections  in  the  Logan  Water  where  the  fossils  had  been  found. 
The  results  of  these  traverses  were  embodied  in  a  paper  con- 
tributed to  the  Geological  Society  in  1855,t  in  which  Mur- 
chison states  that  the  dark  fossiliferous  shales  exposed  in  the 
Logan  Water  pass  conformably  upwards  into  the  Lower  Old 
Red  Sandstone  of  that  district.     A  horizontal  section  is  given 

*  *<  On  the  Silurian  Bocks  of  the  South  of  Scotland  and  on  the  Grold  Districts  of 
Wanlockhead  and  the  Leadhills."  By  R.  Harkness.  Quart.  Jour.  Geol.  Boo.  Vol. 
VIII.,  p.  898. 

t  "dn  tlie  DioooTery  by  Mr.  Robert  Slimon  of  Fossils  in  the  Uppermost  Silurian  Rocks 
near  Lesmahagow,  in  Scotland,  with  Observations  on  the  Relations  of  the  Palieozoic 
Strata  in  that  pact  of  Lanarkshire."     Read  Nov.  1855.     Quart.  Jour.  Geol..  Soo. 
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showing  the  relations  of  the  Upper  Silurian  strata  to  the  Old 
Red  Sandstone.  He  further  points  out  that  Salter  had  detected 
in  Mr.  Slimon's  collection  sculptured  plates  of  crustaceans 
similar  to  those  which  had  been  hitherto  referred  to 
Pterygotus,  together  with  the  small  Lingvla  cornea  and  Trochus 
helicites  of  the  uppermost  Ludlow  Rock  of  Wales.  These  are 
associated  with  five  or  six  new  forms  which  Salter  termed 
Himantopterus,  and  fragments  of  Ceratioca/ris. 

Appended  to  this  paper  is  a  description  by  Salter  of  some  new 
Crustacea  from  the  uppermost  Silurian  rocks  of  the  Lesma- 
hagow  district,  and  a  note  by  Professor  Huxley  on  the  structure 
and  affinities  of  Himantopterus. 

In  1855,  a  description  of  the  section  in  Glenkiln  Bum,  Dum- 
friesshire, was  published  by  Professor  Harkness,  special 
reference  being  made  to  the  anthracite  shales  which  occur  at 
this  locality,  and  to  the  Barlae  flags  north  of  Dairy,  Kircud- 
brightshire.*  The  author  places  the  Barlae  flags  on  the  same 
horizon  with  the  Grieston  Slates.  A  list  of  fossils,  with  notes, 
is  appended  to  this  paper. 

In  1856,  Professor  Harkness  communicated  to  the  Geological 
Society  a  paper  "  On  the  Lowest  Sedimentaiy  Rocks  of  the 
South  of  Scotland."  He  therein  indicates  the  position  of  the 
great  anticline,  the  nature  of  the  axial  beds,  and  the  fossils 
obtained  from  them.  He  abandons  the  theory  that  the  parallel 
bands  of  black  shales  are  repeated  by  faults,  and  adopts 
Murchison's  view  that  they  are  due  to  folds.  He  announces 
the  discoveiy  of  a  species  of  Olenus  at  Corfarding,  near  Pen- 
pont,  Dumfriesshire.t     (See  p.  347.) 

In  the  same  year,  a  suggestive  communication  was 
contributed  by  Mr.  Camck  Moore  to  the  Geological  Society,  in 
which  special  reference  is  made  to  the  system  of  folding  in  the 
Silurian  rocks  of  Wigtownshire.  He  calls  attention  (Ij  to  the 
peculiar  arrangement  of  the  strate  from  Corsewall  Point  to 
within  six  or  eight  miles  of  the  Midi  of  Galloway.  Along  this 
line  the  rocks  are  bent  into  a  series  of  anticlinal  and  synclinal 
folds  which  are  thrown  over  to  the  north,  the  axes  of  the  curves 
dipping  to  the  south.  He  points  out  that  the  structure  here 
described  is  similar  to  those  inversions  of  rock  in  the  north  of 
Germany,  in  the  Ardennes,  the  Eifel,  and  to  those  of  the 
Appalachian  chain  in  the  United  States.  He  further  suggests 
that  there  are  many  reasons  for  beKeving  that  all  the  principal 
movements  which  these  Silurian  rocks  have  undergone  had 
been  impressed  on  them  pre^'iously  to  the  intrusion  of  the 
granites.  (2)  From  the  evidence  supplied  on  the  shore  section 
between  Corsewall  Point  and  Dally  Bay  and  also  along  the  east 
shore  of  Loch  Ryan,  he  infers  that  the  coarse  conglomerates 
of  South  Ayrshire  are  superior  to  the  schists  with  graptolites. 

In  a  paper  contributed  to  the  Geological  Society  of  London 

^  "On  the  Anthracite  Schists  and  the  Fucoidal  Remains  in  the  Lower  Silurian  Rocks 
of  the  South  of  Scotland."    Quart.  Jour.  Geol.  Soc.     Vol.  XL,  p.  468. 
t  Quart.  Jour.  Geol.  Soc.     Vol.  XII.,  p.  238. 
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in  1857,  Professor  Wyville  Thomson  described  and  figured 
some  species  of  Addas jns  from  the  Lower  Silurian  beds  in  the 
Girvan  district.  He  advanced  a  different  order  of  succession 
from  that  of  Murchiaon,  holding  that  the  whole  of  the 
fossiliferous  beds  of  Girvan  belong  to  the  nery  top  of  the 
Lower  Silurian  system ;  the  Penwhapple  flagstones  being  the 
lowest  of  the  series,  and  graduating  upwards  through  the 
Mulloch  Hill  Sandstones  and  the  Craighead  Limestone  into  the 
Saugh  Hill  grits.* 

From  the  autumn  of  1864,  when  the  late  Sir  Andrew  Ramsay, 
as  Director  for  Great  Britain,  first  began  the  detailed  Geo- 
logical Survey  of  Scotland  in  Haddingtonshire,  down  to  1867, 
when  the  Scottish  staff  was  reorganised  and  enlarged,  with  Sir 
A.  Geikie  as  Director  for  Scotland,  the  officers  of  the  Survey 
(A.  Geikie,  J.  Young,  J.  Geikie,  B.  X.  Peach)  had  completed 
the  examination  of  considerable  portions  of  the  Silurian  table- 
land in  the  counties  of  Haddington,  Berwick,  Edinburgh, 
Peebles,  Lanark,  and  Ayrshire.  The  results  of  these  detailed 
researches  appeared  in  ^the  geological  maps  and  in  the  memoirs 
descriptive  of  the  respective  sheets.  In  Sheet  32  the  various 
"  inliers "  of  Upper  Silurian  strata  in  the  Pentland  Hills  were 
delineated  by  A.  Geikie,  and  their  relations  to  the  sub-divisions 
of  the  Lower  Old  Red  Sandstone  were  defined.  The  existence 
of  Ludlow  Bocks  was  then  clearly  established,  which  pass,  as  at 
Lesmahagow,  conformably  upwards  into  the  Lower  Old  Red 
Sandstone.  In  the  memoir  accompanying  Sheet  32  (published 
in  1861),  sketch  sections  are  introduced  by  Sir  A.  Geikie  show- 
ing the  relations  of  the  strata  in  the  North  Esk  river  and  at  the 
south  end  of  the  Pentland  chain.  It  is  stated  that  the  section 
in  the  North  Esk  is  on  the  whole  an  ascending  one,  though 
showing  minor  folds.  In  the  Appendix  to  the  memoir  the 
fossils,  numbeiing  about  forty  species,  are  named  and 
described  by  Salter,  who  likewise,  gives  valuable  comparative 
notes  on  the  Upper  Silurian  strata  of  the  Pentland  Hills  and 
Lesmahagow  areas. 

In  1863,  the  memoir  descriptive  of  the  Geology  of  Eastern 
Berwickshire,  by  Sir  A.  Geikie,  and  in  1866  that  descriptive  of 
the  Geology  of  East  Lothian,  by  the  same  author,  appeared. 
The  Silurian  rocks  of  these  areas  are  referred  to  the  lower 
division  of  the  system,  the  marked  convolutions  of  the  strata, 
especially  on  the  Berwickshire  coast  line,  are  portrayed^  and 
various  new  localities  for  graptolites  are  recorded.  Special 
reference  may  be  made  to  trie  discovery  ot  Graptol it h  us  priod on 
at  Siccar  Point,  near  Cockburnspath,  and  at  EUemford  on  the 
Whiteadder,  below  Longformacus.  The  following  statement, 
made  by  such  an  eminent  palaeontologist  as  Salter,  is  significant 
as  showing  how  the  zonal  value  of  graptolites  was  not  then 
clearly  recognised.  "At  present  all  that  can  be  certainly 
affirmed  is  that  the  rocks  are  of  Lower  Silurian  age.  Though 
the    Graptolithus    priodon   is    a   Middle    and    Upper    Silurian 

♦  Quart.  Jour.  Geol.  Soc.     Vol.  XIII.   p.  206. 
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species  in  England  and  Wales,  it  is  plentiful  at  Grieston,  near 
Innerleithen,  on. the  Tweed,  in  company  with  G.  Sedgwicki  and 
other  Lower  Siluiian  fossils."* 

At  a  later  date,  Sheets  7  and  14  of  the  one-inch  maps,  with 
their  accompanying  explanations  (A.  Geikie,  J.  Young,  J. 
Geikie,  B.  N.  Peach),  were  published.  In  Sheet  7,  embracing 
the  region  bordering  the  coast  between  Glen  App  and  Girvan, 
Ayrshire,  the  order  of  succession  advocated  by  Murchison  was 
generally  adt>pted.  The  strata  of  the  Ballantrae  region  were 
supposed  by  Professor  James  Geikie  to  exhibit  certain  arrested 
stages  of  metamorphic  action,  so  that  we  can  in  many  instances 
begin  with  unaltered  beds  and  trace  the  gradual  changes  which 
they  undergo  during  their  passage  into  crystalline  and  pseudo- 
igneous  rocks.  The  strata  cited  in  illustration  of  these  phenomena 
embrace  (a)  felspathic  rocks,  (b)  dioritic  rocks,  (c)  serpentine 
and  altered  limestone.  The  geological  history  of  this  intricate 
region  will  be  given  in  subsequent  chapters  (XIX.  and  XX.) 

In  Sheet  14  and  its  accompanpng  explanation,  the  anticlinal 
arrangement  of  the  strata  forming  the  Craighead  inlier  on  the 
north  side  of  the  Gii'van  valley  is  clearly  portrayed  by  Sir  A. 
Geikie.  The  beds  forming  the  core  of  the  arch,  comprising 
the  Craighead  Limestone  and  associated  strata,  which  graduate 
upwards  into  the  Drummuck  mudstones,  ai-e  regarded  as  of 
Caradoc  age ;  while  the  overlying  strata,  composed  of  the 
Mulloch  Hill  conglomerate,  witn  sandstones,  grits,  shales,  and 
conglomerate  bands,  are  gi-ouped  with  the  Lower  Llandovery 
formation.  Lists  of  fossils  from  the  Craighead  Limestone,  then 
supposed  to  be  of  Cai*ad()c  age,  and  the  Lower  Llandoveiy  Ilocks 
of  Kirk  Hill,  are  given.  Tne  strip  of  Silurian  strata  extending 
from  Sti*aiton  to  the  hills  overlooking  Kilken*an  is  revealed  for 
the  first  time,  and  though  no  definite  age  is  assigned  to  the 
latter,  the  beds  are  described  as  having  a  much  less  ancient 
aspect  than  others  in  the  neighbourhood. 

In  the  course  of  the  Geological  Survey  of  Ayrshire  a  large 
collection  of  organic  remains  was  obtained,  which  were  deter- 
mined by  the  palaeontologists  of  the  Survey  and  Professor 
Young.  This  list  was  subsequently  published  as  an  appendix 
to  the  explanation  of  Sheet  3,  one-incn. 

As  the  officers  of  the  Survey  carried  their  geological  lines 
north-eastwards  along  the  northern  margin  of  the  Silurian 
tableftnd  into  Lanarkshire  prior  to  1867,  the  Upper  Silurian 
inliers  of  the  Hafj:shaw  Hills  and  Logan  Water  were  mapped  in 
detail  by  Mr.  B.  N.  Peach.  Various  sub-divisions  were 
established  and  a  rich  suite  of  organic  remains  was  collected 
which  confirmed  the  conclusion  previously  arrived  at  by  Sir 
Roderick  Murchison  and  Mr.  Slimon  regarding  the  age  of  the 
beds. 

In  1865,  Mr.  George  C.  Haswell  published  a  small  volume 
**  On  the  Silurian  Formation  in  the  Pentland  Hills,"  in  which  he 
describes  the  geographical  position  of  the  Silurian  rocks  and 

*  Tho  Goology  of  Esujt  l/>thian.  p.  71. 
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their  relation  to  other  representatives  of  the  same  system  in 
Scotland.  He  records,  describes,  and  figures  about  fifty-five 
species  of  fossils  from  various  localities  in  that  chain,  giving  a 
Table  showing  their  vertical  range  in  the  Silurian  system.  He 
finds  that  fifteen  species  in  his  list  occur  in  the  Ludlow  Bocks, 
fifteen  in  the  Wenlock  group,  and  nineteen  in  rocks  older  than  the 
Wenlock!  There  are  ten  species  which  are  never  found  higher  up 
than  the  Wenlock  group,  and  there  are  five  species  which  range 
from  the  Ludlow  group  upwards. 

In  1867,  a  paper  "  On  the  Silurian  Bocks  of  the  Pentland 
Hills,"  by  Messrs.  John  Henderson  and  D.  J.  Brown,  was  com- 
municated to  the  Geological  Society  of  Edinburgh,  embodying 
the  results  of  their  observations  in  the  field,  and  their  views 
regarding  the  age  of  the  fossiliferous  zones  which  they  had  care- 
fully searched.  A  geological  map  with  horizontal  sections  was 
published  with  Part  II.  of  this  paper,  read  to  that  Society  in 
1869.  Their  conclusions  may  thus  be  briefiy  summarised:  (1) 
That,  to  take  the  North  Esk  section  as  a  basis  of  classification, 
the  strata  exposed  in  the  lower  part  of  the  river  course  are  of 
Wenlock  age,  their  northern  limit  being  marked  by  Bed  E  in 
their  map,  crossing  the  Esk  about  half  a  mile  to  the  north  of  the 
reservoir.  (2)  That  the  beds  to  the  north  of  this  boundary  line 
are  of  Ludlow  age.  (3)  That  the  red  beds,  marked  as  the  con- 
formable portion  of  the  Lower  Old  Bed  Sandstone  in  the  Lyne 
Water  by  the  Geological  Survey,  are  likewise  of  Ludlow  age, 
and  can  be  traced  across  the  intervening  heights  to  the  North 
Esk  section.  (4)  That  the  Silurian  rocks  in  the  Lyne  Water 
to  the  north  of  the  red  beds  are  of  Ludlow  age.  This  paper  is 
accompanied  by  an  elaborate  Table  of  fossils,  giving  the  vertical 
range  of  upwards  of  one  hundred  species  of  different 
classes.  Of  the  Brachiopoda,  numbering  twenty-five  species, 
which  were  determined  by  Mr.  Davidson,  twenty  species  are 
found  in  Wenlock  strata,  and  ten  pass  up  into  the  Ludlow 
Bocks. 

In  connection  with  the  literature  bearing  on  the  Upper 
Silurian  rocks  of  the  Pentland  Hills  and  Lanarkshire,  reference 
must  be  made  to  the  description  by  Mr.  Thomas  Davidson  of 
the  Brachiopoda  from  these  beds,  published  by  the  Geological 
Society  of  Gflasgow.*  This  description,  accompanied  by  figures 
of  many  of  the  typical  forms,  was  based  on  the  examination  of 
several  thousand  specimens  from  the  Pentland  Hills  which  had 
been  collected  by  Messrs.  Haswell,  Henderson,  and  Brown,  as 
well  as  of  those  in  the  possession  of  the  Geological  Survey. 
The  author  states  that  he  revisited  the  latter  locality  in  1866 
with  Messrs.  Haswell  and  Brown,  and  that  he  agreed  with  the 
view^  announced  by  Messrs.  Brown  and  Henderson  as  to  th© 
age  of  the  beds  under  description.f 

*  '*  On  the  Upper  Silurian  Brachiopoda  of  the  Pentland  Hills  and  of  Lesmahagow,  in 
Lanarkshire."    Trans.  Geol.  Soc.  Glasgow.    Part  I. 

t  Further  references  to  palssontological  researches  relating  to  the  Upper  Silurian 
rocks  of  the  Pentland  Hills,  including  those  by  Professor  Lapworth  on  GraptoHtes  from 
Habbie's  Howe  and  by  Mr.  Laurie  on  the  Eurypterids  of  Gutterford  Bum,  will  be 
ittbeequently  given  in  the  section  dealing  with  the  structural  relations  of  the  beds. 
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In  1807,  the  fourth  edition  of  "Siluria"  appeared,  in  which 
Murchison  summarised  his  views  regarding  the  Silurian  rocks 
of  the  Southern  Uplands,  and  availed  himself  of  the  detailed 
observations  by  the  Geological  Survey  in  Ayrshire  and  the 
Pentland  Hills  prior  to  that  year.  The  highest  sub-division 
of  the  Girvan  sequence  is  now  giouped  with  the  Llandovery 
Rocks;  in  other  points  he  follows  generally  the  order  of 
succession  propouncied  by  himself  in  1850.  Regarding  the 
Upper  Silurian  rocks  of  tide  Pentland  Hills,  it  is  stated,  on  the 
authority  of  Sir  A.  Geikie,  that  while  the  upper  part  of  the 
Pentland  section  may  be  considered  as  of  Ludlow  a^e,  it  is 
evident  that  there  is  room  for  a  representation  of  the  Wenlock 
aeries,  which  is  rendered  probable  by  the  number  of  Wenlock 
species  which  have  been  obtained  from  these  rocks. 

In  1867,  a  clear  summary  was  given  by  Sir  Archibald  Geikie 
of  the  results  of  all  previous  investigations  regarding  these 
ancient  Silurian  rocks.*  To  the  student  of  historical  geology 
this  contribution  serves  a  useful  purpose,  because  it  enables 
him  to  focus  the  knowledge  then  ascertained.  The  author 
points  out  that,  owing  to  the  contorted  and  broken  nature  of 
the  rocks,  it  is  by  no  means  an  easy  task  to  reduce  them  to  a 
satisfactory  order  of  succession.  The  labours  of  Murchison, 
Sedgwick,  Harkness,  and  Nicol  had  shown  that,  viewed  on 
the  great  scale,  the  Silurian  belt  may  be  regarded  as  a  long 
arch,  of  which  the  centre,  running  parallel  with  the  length  of 
the  chain,  is  composed  of  the  lowest  and  oldest  strata,  while  the 
outer  portions  consist  of  higher  members  of  the  series  dipping 
away  from  the  central  axis  towards  the  margin  of  the  belt. 
This  axis,  running  in  a  north-east  and  south-west  direction, 
crosses  the  valley  of  the  Annan  south  of  Beattock. 

The  order  of  succession  then  ascertained  is  given,  and  the 
results  are  thus  summarised :  With  the  exception  of  a  com- 
paratively small  area  in  Ayrshire,  where  Llandovery  Rocks 
appear,  and  other  districts  in  Kirkcudbright,  Lanarkshire, 
Ayrshire,  Peeblesshire,  and  Midlothian,  where  Ludlow  and 
Wenlock  Rocks  have  been  identified,  the  whole  of  the  Silurian 
Uplands  of  the  South  of  Scotland  consist  of  grits,  greywackes, 
conglomerates,  shales,  dark  schists,  and  inconstant  bands  of 
limestone  representing  the  Caradoc  and  Llandeilo  Rocks  of 
Wales. 

In  1868,  while  the  Geological  Survey  was  in  progress  within 
the  Silurian  belt,  in  the  counties  of  Lanark  and  Dumfries,  Mr. 
R.  L.  Jack,  in  mapping  the  Leadhills  district,  discovered 
certain  fossiliferous  conglomerates  (Duntercleuch  and  Glen- 
dowran)  which,  from  their  organic  remains,  were  regarded  as 
of  Caradoc  age.  They  seemed  to  rest  on  black  shales,  yielding 
graptolites  of  a  Llandeilo  facies.  Though  minor  folds  were 
recognised  in  that  area,  the  strata  were  viewed  as  forming  in 
the  main  a  great  synclinal  trough,  the  Caradoc  Rocks  occupy- 

•  Trans,  of  the  Oool.  Soc.  of  Glaspow.     Vol.  Til.,  p.  74. 
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ing  the  centre,  and  the  Llandeilo  Rocks  coming  to  the  surface 
on  either  side. 

The  subsequent  extension  of  the  field  work  towards  Mo£Fat, 
Eskdalemuir,  and  Melrose,  and  south-westwards  towards  the 
shores  of  the  Solway  and  the  Irish  Se^,  by  B.  N.  Peach,  R.  L. 
Jack,  J.  Home,  H.  M.  Skae,  C.  R.  Campbell,  and  D.  R.  Irvine, 
led  the  Survey  to  adopt  the  following  order  of  succession. 
Accepting  the  view  that  the  lowest  beds  are  exposed  along  the 
axial  line  between  Dumfries  and  Eskdalemuir,  the  strata  were 
arranged  in  ascending  groups  as  the  observer  passes  northwards 
to  the  Leadhills  area: — 1,  The  Ardwell  group  ("Hawick 
Rocks ") ;  2,  The  Moffat  black  shales ;  3,  Queensberry  grits ; 
4,  Dalveen  group;  5,  Lowther  shales;  6,  Upper  or  Leadhills 
black  shales;  7,  Carsphaim  group.  These  sub-divisions  of  the 
Llandeilo  Rocks  were  believed  to  be  succeeded  by  fossiliferous 
grits  and  conglomerates  (Duntercleuch,  &c.)  of  Caradoc  age, 
apparently,  in  certain  sections,  transgressing  the  underlying 
sediments.  The  Wenlock  beds,  occurring  along  the  southern 
margin  of  the  great  tableland,  were  supposed  to  rest  uncon- 
formably  on  the  Llandeilo  Rocks.  While  it  was  recognised 
that  the  higher  bands  of  the  Moffat  black  shales,  and  indeed 
that  certain  shales  in  the  overlying  Queensberry  grit  series 
yielded  graptolites  which  elsewhere  are  characteristic  of  Llan- 
dovery Rocks,  the  apparent  sequence  of  beds  from  the  Moffat 
black  shales  to  the  Leadhills  black  shale  series  was  assigned  to 
the  Llandeilo  formation. 

The  pala^ntological  anomalies  involved  in  this  reading  of 
the  order  of  succession  seemed  to  be  satisfactorily  explained  by 
Barrande's  doctrine  of  Colonies.  That  distinguished  palae- 
ontologist contended  that  in  the  Bohemian  area,  while  there 
existed  in  the  Silurian  strata  a  normal  sequence  of  organic 
remains  similar  to  that  of  other  regions,  there  were  certain 
bands  charged  with  the  fossils  of  a  higher  zone  which  occurred 
on  different  horizons  in  a  lower  portion  of  the  system.  These 
bands  were  termed  colonies ;  the  occurrence  of  which  he 
explained  on  the  supposition  that  the  younger  fauna  had  already 
appeared  beyond  the  limits  of  the  Bohemian  area,  and  for  a 
time  gained  access  to  that  region  before  the  final  disappearance 
of  the  older  fauna. 

Applying  this  generalisation  to  the  rocks  in  the  South  of 
Scotland,  it  was  held  that  those  graptolites  which  are  found  in. 
the  higher  bands  of  the  Moffat  black  shales  and  rarely  in  the 
series  of  Queensberry  grits,  though  elsewhere  characteristic  of 
Llandovery  Rocks,  might  be  precursory  forms,  which  gained 
access  to  the  region  during  the  deposition  of  the  Lower  Silurian 
sediments.  Just  as  Barrande  maintained  that,  in  the 
Bohemian  area,  graptolites  characteristic  of  the  third  fauna 
(Upper  Silurian)  appear  in  bands,  intercalated  at  intervals  in 
strata  replete  with  the  second  fauna  (Lower  Silurian) ;  so  it 
was  believed  that,  in  the  South  of  Scotland,  the  Llandovery 
graptolites  of  the    Moffat  region  might  be  precursory   forms 
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which  Kved  for  a  time  and  then  <lisa[)peared,  while  the  Lower 
Silurian,  graptolites  reappeared  ana  flourished  during  the 
deposition  of  the  upper  or  Leadhills  black  shales.* 

The  sequence  aaopted  by  the  Survey  seemed  to  find  some 
support  in  the  remarkable  change  in  the  character  of  the 
sediments  when  passing  northwards  from  Eskdalemuir  by 
Moffat  to  the  Leadhills  area.  The  Ardwell  beds  ("Hawick 
Rocks")  differ  from  the  normal  tyi>e  of  the  Queensberry  grit 
series,  while  the  Lowther  shales  can  be  readily  distinguished 
from  both  the  preceding  groups. 

On  the  other  nand,  it  must  be  frankly  admitted  that  the  Geo- 
logical Survey  encountered  great  difficulties  in  their  reading 
of  the  sequence.  For  example,  in  the  continuous  coast  sec- 
tions at  the  mouth  of  the  Dee  in  Kirkcudbrightshire,  no  trace 
of  an  unconformity  or  a  fatdt  could  be  found  between  the 
Wenlock  strata  and  the  Ardwell  beds,  though,  according  to  the 
views  then  held,  such  a  discordance  ought  to  occur. 

The  researches  of  Professor  Lapwordi,  extending  over  many 
years,  among  the  Silurian  rocks  of  the  South  of  Scotland, 
eventually  furnished  a  complete  solution  of  these  strati- 
graphical  and  palaeontological  difficulties.  After  a  prolonged 
study  of  the  vertical  range  and  distribution  of  the  graptolites, 
he  discovered  the  clue  to  unravel  the  complicated  stratigraphy  of 
the  whole  region.  In  the  following  pages  we  endeavour  to 
give  a  historical  sketch  of  the  development  of  his  researches 
from  his  earliest  observations  in  the  neighbourhood  of  Oala- 
shiels  to  the  publication  of  his  final  contribution  relating  to  the 
stratigraphy  and  palaeontology  of  the  Southern  Uplands. 

In  1870,  Professor  Lapworth  published  a  paper  "  On  the 
Silurian  Rocks  of  the  neighbourhood  of  Galashiels,"  in  which 
he  arranges  the  strata  in  two  groups  (a)  the  black  shales  of  the 
Moffat  series,  (b)  the  Gala  group.f  He  infers  (1)  that  thei'e 
are  two  distinct  and  characteristic  faunas  in  the  district,  one 
peculiar  to  the  black  shales  and  the  other  to  the  Gala  group. 
(2)  That  the  upper  fauna  is  pre-eminently  of  the  Coniston  or 
Bala  type.  Hence  the  Gala  group  may  collectively  be  con- 
sidered as  a  thick  and  almost  inseparable  series  of  greywackes 
and  shales  superior  to  the  Moffat  series,  and  of  Caradoc  age. 

In  1871,  a  conjoint  paper  by  Professor  Lapworth  and  Mr. 
J.  Wilson  "  On  the  Silurian  Rocks  of  the  Counties  of  Roxburgh 
and  Selkirk"}  was  read  before  the  Geological  Section  of  the 
British  Association  at  Edinburgh  and  published  in  the 
Geological  Magazine.  The  strata  are  arranged  in  five  groups, 
named  from  the  districts  where  they  are  best  developed,  given 

*  Barrande.      DifenM  des  Colonic*    v.  Apparition.   H  reapixirition  fw   Anfjlrtfrre  et  en 
Kcaue  det  etpicft*  ColonialeM  SilnrienMS  de  la  Bohhne,     1881. 

Sir  A.  Geikie.    Text-book  of  Geology.     First  ed..  1882,  p.  829. 
B.  N.  Peach.     Proc.  Roy.  Phys.  Soc.    Vol.  IX.,  p.  8. 

tlVans.  Bdin.  Geol.  Soc.     Vol.  II.,  p.  46. 
6eol.  Ma«:.   1870,  pp.  204-209  and  279-284. 

J  Brit.  Aasoc.  Rep.  for  1871. 
Geol.  Mag.,  1871   p.  466. 
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here  in  ascending  oixler: — 1,  The  Uawick  Uocks;  2,  The 
Selkirk  beds ;  3,  The  Moffat  Series ;  4,  The  Gala  Group ;  5,  The 
liiccarton  beds. 

Following  previous  investigations,  the  oldest  rocks  are  sup- 
posed to  come  to  the  surface  along  the  axial  line  extending 
from  Berwick  to  Dumfries,  being  succeeded  towards  the  north 
by  higher  groups  in  natural  sequence.  The  important  state- 
ment is  made  that  there  is  but  one  band  of  black  shales  in  the 
whole  region  l}dng  at  the  top  of  the  Moffat  Series,  which 
plunges  underneath  the  Gala  Group  and  reappears  along  the 
northern  edge  of  the  Silurian  tableland. 

To  the  south-east  of  the  great  anticline  the  Selkirk  beds 
follow  the  Hawick  Uocks;  while  the  former  are  succeeded  by 
the  liiccarton  beds,  which  are  of  Upper  Silurian  age.  Five 
separate  areas  are  indicated  where  these  Upper  Silurian  strata 
occur:  (1^  To  the  south  of  Kirkcudbright,  (2)  to  the  south  of 
the  granite  area  of  Griffel  and  Dumfries,  (3)  in  the  region 
stretching  from  a  point  near  Lockerbie  to  the  Old  Bed  Sand- 
stone near  Stobs  Castle,  (4)  in  a  large  "inlier"  surrounded  by 
Old  Red  Sandstone  and  Carboniferous  strata  reaching  from  the 
village  of  Oxnam,  near  Jedburgh,  to  Amton  Fell  on  the  Liddel, 
(5)  in  a  small  patch  at  the  head  of  the  Kale  Water  high  up 
among  the  porpnyries  and  limestone  of  the  Cheviot  Hills. 

The  northern  boundary  of  the  Upper  Silurian  rocks  seems 
to  form  nearly  a  straight  line  parallel  with  the  average  strike 
of  the  Lower  Silurian  strata.  Though  unable  to  prove  it^  the 
authors  suggest  that  this  boundai^  may  be  a  fault. 

A  careful  comparison  of  the  Moffat  graptolites  with  those  of 
other  countries  convinced  the  authors  that  these  beds  should 
be  classed  with  the  Utica  Slate  and  Hudson  River  Group  of 
North  America  and  the  graptolite-bearing  schists  of  We^ord 
and  Waterford;  in  other  words,  that  they  are  of  Bala  age  or 
bridge  over  the  gap  between  the  Bala  and  Llandeilo  formations. 

The  fossils  of  the  Gala  Group  led  the  authors  to  place  it  high 
among  the  Lower  Silurian  rocks,  and  indeed  to  believe  that 
some  of  the  high  beds  might  be  of  Upper  Silurian  age.  Its 
fauna  approximates  most  closely  to  that  of  the  Coniston  mud- 
stones  of  Cumberland  and  Westmoreland. 

At  the  same  meeting  of  the  British  Association  Mr.  D.  J. 
Brown  read  a  paper  ''On  the  Silurian  Rocks  of  the  South  of 
Scotland."*  In  a  section  drawn  from  Moffat  Water  in  Dum- 
friesshire to  Ealbucho  in  Peeblesshire,  the  author  considers 
that  the  rocks  form  two  series :  a  lower  Moffat  or  Llandeilo  and 
an  upper  or  Caradoc  series  resting  unconformably  on  the 
lower.  This  view  of  the  unconformable  relation  of  these 
groups  is  advocated  in  a  series  of  papers  by  Mr.  Brown  published 
in  1873  and  1874  in  the  Transactions  of  the  Geological  Society 
of  Edinburgh.t 

*  Brit.  Aasoc.  Rep.    Trans,  of  Sections,  p.  93. 
tTrans.  Gool.  Soc.,  Bdin.    Vol.  II.,  pp.  227,  316,  377. 
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In  1872,  Professor  Lapworth  advanced  a  compreheusive 
classification  of  the  Silurian  rocks  of  the  Southern  Uplands.* 

Still  accepting  the  great  anticline  between  Berwick  and 
Dumfries  exposing  the  lowest  strata,  the  author  arranges  the 
strata  in  the  following  order : 

A.  Loirer  Silurian. 

1.  Hawick  and  Selkirk  beds,  .         .  I  v^u-j  j 

2.  MoflFat  Shale  or  Anthracite — 

(a)  Lower  Anthracite,    .         .     Lower  Llandeilo. 

(b)  Middle  Anthracite,  .  Upper  Llandeilo. 

(c)  Upper  Anthracite,    .         .     Lower  Caradoc. 

B.  MidxlU  Silurian. 

1.  The   Gala  Group,  Girvan  Series,  f  Upper  Caradoc. 

Duntercleuch  beds,  Wrae  beds,  <  Lower  Llandovery.   ' 
&c., (^  Upper  Llandoveiy. 

C.  Upper  Siiurian. 

1.  The  Balmae  and  Riccai'ton  beds,-!  j     ,   ,  t    ^i 

2.  Lower  Pentland  beds,  .         .     Wenlock. 

(b)  Upper  Pentland  beds,       .     Ludlow. 

Passage  beds  and 


(c)  Pentland  Sandstone, 


Downton  Sandstone. 


The  Appendix  contains  lists  of  fossils  from  the  various  zones. 

In  1872,  Mr.  Hopkinson,  whose  researches  among  the 
Silurian  graptolites  are  well  known,  described  in  the  Geological 
Magazine  t  some  new  forms  of  graptolites  from  the  South  of 
Scotland.  In  accordance  with  the  previous  researches  of  Professor 
Lapworth  the  author  states  that  from  the  evidence  afforded  by 
the  fossils  it  seems  more  probable  that  only  one  band  of  grap- 
tolite  shale  runs  through  the  Llandeilo  Rocks  of  the  South  of 
Scotland,  there  being  in  this  band  several  distinct  zones,  each 
marked  by  a  different  assemblage  of  fossils,  but  with  many 
species  in  common. 

During  the  same  year  Professor  lapworth,  in  a  paper  con- 
tributed to  the  Geological  Magazine  "  On  the  Results  of  some 
recent  Researches  among  the  Graptolite  Black  Shales  of  the  South 
of  Scotland,"}  states  that  subsequent  researches  had  clearly  proved 
the  correctness  of  his  main  conclusions  as  published  in  1871,  which 
are  thus  summarised : 

There  is  but  a  single  group  of  black  shale,  from  500  to  600 
feet  in  thickness,  named  the  Moffat  Shale.  This  group  is 
lithologically   and   palseontologically   separable    into   tliree   great 

*  "  On  the  Silurian  Rocks  of  the  South  of  Scotland."     Trans,  of  tho  Geol.  Soc.  of 
Glasgow.    Vol.  IV.,  p.  164. 
Geol.  Mag.,  May  1872. 
fGeol.  Mag.,  1872.     Vol.  IX.,  p.  501. 
:::Gool.  Mag.     Vol.  IX.,  p.  533. 
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divisions:  the  Lower,  Middle,  and  Upper  Mo:ttat.  The  Lower 
division  contains  the  graptolites  of  the  Hudson  Biver  Group 
of  America  and  of  the  Llandeilo  beds  of  Portmadoc,  and  is 
probably  of  Lower  Llandeilo  age.  The  Middle  Moffat  appears 
to  be  the  equivalent  of  the  Upper  Llandeilo  of  Builth,  while 
the  Upper  Mofiat  is  decidedly  Caradoc.  The  Mofi'at  Shale, 
which  in  almost  every  case  comes  to  the  surface  along  anticlines 
of  the  strata,  passes  up  conformably  into  the  overlying  Gala 
Group  (belonging  to  the  Upper  Caradoc  and  Llandovery  period) 
in  several  localities  in  the  southern  .districts,  but  to  the  north 
the  basement  bed  of  the  latter  rests  usually  on  the  Lower 
Moffat  beds,  so  that  there  appears  to  be  in  many  cases  an  entire 
absence  of  Upper  Llandeilo  and  Lower  Caradoc  Bocks  in  that 
direction;  the  Lower  Llandeilo  being  succeeded  immediately 
by  the  Upper  Caradoc  beds. 

In  187ij  appeared  a  series  of  papers  of  the  highest  value  by 
Professor  !(^apworth  "  On  Scottish  MonograptidsB,"  published  in 
the  Geological  Magazine.*  These  publications  revealed  an 
important  advance  in  the  author's  views  regarding  the  geo- 
logical structure  of  the  southern  portion  of  the  Silurian  table- 
land. Discarding  the  great  anticline  between  Berwick  and 
Dumfries,  he  maintains  that  the  Hawick  Rocks  (the  axial  beds) 
pass  conformably  upwards  into  the  Upper  Silurian  strata 
(Biccarton  and  Kirkcudbright)  and  form  the  highest  members 
of  the  Middle  Silurian  series  overlying  the  Moffat  Shales. 
Regarding  the  three  divisions  of  the  Moffat  Shales,  he  states 
that  the  Lower  is  of  Llandeilo  age,  the  Middle  represents  a 
portion  of  the  Bala  formations  of  North  Wales,  and  the  Birkhill 
Group  belongs,  in  part  at  least,  to  the  epoch  of  the  Lower 
Llandovery. 

The  author  describes  in  detail  the  vertical  range  and  distri- 
bution of  the  Manograptidm  in  the  Silurian  rocks  of  the  South 
of  Scotland.  Prom  a  review  of  all  the  facts  he  infers  that  we 
have  sufficient  evidence  to  justify  us  in  accepting  the  following 
generalisations :  — 

(1)  Of  the  numerous  forms  of  graptolites  belonging  to  the 
family  of  the  Monograpiidce  in  the  South  of  Scotland,  each  has 
a  certein  definite  restriction  in  the  vertical  series  of  deposits. 

(2)  The  three  successive  rock  groups  of  Birkhill,  Gala,  and 
Riccarton  each  possess  a  well-marked  assemblage  of  Mono- 
graptidce  which  is  easily  separated  as  a  whole  from  that  of  the 
other  formations. 

(3)  The  general  vertical  succession  of  species  and  varieties 
of  the  Manoip'aptidce  in  these  rocks  is  in  complete  accordance 
with  that  in  Ireland,  Westmoreland,  Central  Europe,  and 
Scandinavia. 

In  the  same  year  Professor  LapwoHli  contributed  the  chapter 
on   "The  Silurian   System  of  the   South  of  Scotland"  to  the 

♦  G«ol.  Mag.     Vol.  111.  (New  Sorio«),  pp.  308,  350,  499,  544. 
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**  Catalogue  of  the  Western  Scottish  Fossils,"  prepared  for  the 
meeting  of  the  British  Association  at  Glasgow,  in  which  he 
gives  a  Table  showing  the  succession  of  the  strata  with  their 
English  equivalents.  The  Birkhill  Shales,  Gala  Group,  and 
Hawick  Rocks  are  viewed  as  one  formation — ^the  Valentian — 
from  the  ancient  Roman  name  of  the  South  of  Scotland — their 
English  equivalents  being  the  Llandovery,  Mayhill,  and 
Tarannon  beds  respectively. 

Regarding  the  Leadhills  district,  the  author  states  that  there 
are  no  Birkhill  Shales  in  thLs  ^rea  (unless  indeed  they  are 
represented  by  the  lowest  Valentian  zones),  the  highest  black 
shales  visible  being  the  top  zones  of  the  Middle  Moffat  or 
HartfeU  Shales.  The  Lower  Moffat  Shales  occur  in  most 
localities,  and  the  peculiar  indurated  bands  of  siliceous  flag 
are  often  remarkably  conspicuous.  Eveiy  fossil  of  the  Lower 
Moffat  Shales  has  already  been  collected  from  this  area,  and 
there  seems  to  be  a  perfect  similarity  in  their  vertical  range 
in  the  Leadhills  and  Moffat  districts. 

The  Yalsntian  Rocks  of  the  Leadhills  are  almost  identical 
in  lithological  character  with  those  of  the  Moffat  area.  Some- 
times they  contain  fossiliferous  zones,  as  at  Duntercleuch,  Snar, 
Wallace's  Cast,  &c.  On  the  same  horizon,  however,  similar 
fossiliferous  bands  occur  in  Peeblesshire  at  Wrae  Hill,  Stobo, 
Kilbucho,  and  Winkstone,  and  to  the  south-west  near  Moniaive 
and  Dairy.  The  fossils  show  that  the  beds  are  in  all  proba- 
bility of  Llandovery  age  and  the  continuation  of  the  fossili- 
ferous deposits  of  the  Girvan  area. 

A  provisional  classification  of  the  rocks  in  the  Girvan  district 
is  likewise  given,  comprising  (a)  the  crystalline  and  meta- 
morphic  rocks  of  Ballantrae,  and  (b)  the  fossiliferous  lim^ 
stones,  the  majority  of  the  fossils  being  considered  as  of  Bala 
age.  These  are  followed  by  the  representatives  of  the  Lower 
Girvan  Series  and  Upper  Girvan  Series.  Lists  ol:  fossils  are 
given,  and  many  of  the  graptolites  characteristic  of  the 
different  groups  are  fibred. 

In  1878  appeared  Professor  Lajxworth's  memoir  on  "  The 
^foffat  Series*'  in  the  Quarterly  Journal  of  tlie  Geological 
Sf)ciety.*  The  publication  of  this  paper  marks  an  epoch  in  the 
history  of  the  Silurian  Geology  of  the  South  of  Scotland.  It 
remains  the  greatest  and  most  original  contribution  to  the 
study  of  the  life-sequence  and  structural  relations  of  these 
highly  convoluted  rocks.  For  nearly  ten  years  the  author  had 
devoted  himself  to  the  mapping  of  the  various  outcrops  of  the 
black  shale  series  throughout  the  Southern  Uplands.  Selecting 
the  Moffat  district  as  a  typical  area  where  the  sub-divisions  of 
the  series  are  admirably  exposed,  he  unfolded  in  detail  the 
structure  of  that  interesting  region.  The  paper  is  illustrated 
with  maps  and  sections  of  the  district  extending  from  Annan- 
dale  to  St.  Mary's  Loch  and  from  the  Vale  of  Ettrick  to  Hart- 
fell.     Taking   Dobb's   Linn   and   Craigmichan   Scaurs  as   typical 

•  Qiiart.  Jour.  Gool.  Soc.     Vol.  XXXIV.,  p.  240  et  ser^. 
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sections  iihowing  the  sequence  and  palseontological  features  of 
the  Mo£Eat  series,  he  demonstrates  the  time  order  of  succession 
of  the  strata  based  on  the  vertical  range  of  the  graptolites. 
He  describes  the  prominent  paitdlel  bands  to  the  north  and 
south  of  the  Moffat  yalley,  and  by  means  of  confirmatory 
sections  places  his  conclusions  beyond  all  doubt.  The  various 
sub-divisions,  lithological  characters,  and  fossil  zones  are 
treated  in  great  detail;  a  Table  showing  the  vertical  distri- 
bution of  the  fossils  in  given,  and  the  respective  faunas  of  the 
three  divisions  of  the  Moffat  Series  are  compared  with  their 
foreign  equivalents.  The  main  conclusions  are  here  briefly 
summarised : 

1.  The  black  shales  of  the  Moffat  region  are  portions  of  one 
band,  repeated  by  parallel  folds,  the  axial  planes  of  which  are 
usually  inverted ;  the  thickness  in  this  district  is  300  feet,  but 
the  base  is  not  seen. 

2.  They  fall  into  three  groups:  the  Glenkiln,  Hartfell,  and 
Birkhill,  corresponding  to  the  Upper  Llandeilo,  Caradoc,  and 
Lower  Llandovery  formations  respectively.  Each  group  is 
divisible  into  zones,  characterised  by  special  mineralogical  and 
palseontological  featui*es. 

3.  Compared  with  the  development  of  these  formations  in 
Wales,  there  is  a  marked  north-westerly  attenuation  of  the 
Lower  Silurian  rocks  in  Britain — a  feature  which  is  common  to 
the  Silurian  rocks  of  Europe. 

4.  Passing  from  Moffatdale  northwards  to  the  north-west 
margin  of  the  Southern  Uplands,  the  black  shale  zones  gradu- 
ally disappear,  till  near  the  edge  of  the  chain  there  is  only  a 
greatly  degenerated  representative  of  the  Hartfell-Glenkiln 
division.  To  the  south  of  the  Moffat  district  the  greywackes 
and  shales  rest  on  the  Birkhill  (Lower  Llandovery)  Shales  in  the 
Ettrick  valley,  and  after  innumei-able  foldings  in  Eskdalemuir 
they  pass  conformably  upwards  into  the  Biccarton  beds 
(Wenlock). 

I'erhaps  one  of  the  most  stiiking  palaeontological  features 
of  this  paper  is  the  gi*eat  distinction  between  the  graptolite 
faunas  of  the  two  lower  divisions  and  that  of  the  Birkhill 
Shales;  indeed  the  boundary  line  marks  a  distinct  palasonto- 
logical  break  (see  p.  57). 

In  1879  appeared  Professor  Lapworth's  monograph  on  "  The 
Geological  Distribution  of  the  Rhabdophora,"  in  which  he  gave 
a  comprehensive  view  of  the  evidence  bearing  on  the  vertical 
distribution  of  the  graptolites  in  the  Lower  Palseozoic  rocks 
of  Europe  and  America.  This  paper  was  accompanied  by  a 
valuable  series  of  Tables  showing  the  range  of  the  graptolites 
in  the  different  divisions  of  the  Lower  Palaeozoic  systems.* 

In  connection  with  this  review  of  the  geological  litei-ature 
bearing  on  the  black  shales  and  their  organic  remains,  reference 

*  Annals  and  Mag.  of  Nat.  Hist..     Ser.  5.     Vol.  III.,  pp.  245,  449. 
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ought  to  be  made  to  the  researches  of  Professor  H.  A.  Nicholson, 
of  Messrs.  CaiTuthers,  Hopkiuson,  W.  Dairon,  aud  others  who 
have  described  and  hgured  fossils  from  these  bands. 

Before  proceeding  to  indicate  the  results  of  Professor  Lap- 
worth's  detailed  investigations  in  the  Girvan  district  we  must 
call  attention  to  certain  palseontological  researches  relating  to 
the  extensive  series  of  fossils  from  the  Silurian  rocks  of  that 
region.  It  is  noteworthy  that  considerable  difference  of 
opinion  has  aiisen  among  geologists  and  palaeontologists  as  to 
tne  age  of  the  prolific  fossil-bearing  zones  and  associated  strata 
of  the  older  Palaeozoic  rocks  of  the  Girvan  area.  In  many 
instances  this  is  doubtless  due,  as  Professor  Lapworth  truly 
states,  to  the  fact  that  the  larger  proportion  of  fossils  has  been 
obtained  from  a  few  limited  areas,  and  mainly  from  half  a  dozen 
different  horizons,  while  the  less  fossiliferous  strata  have  been 
left  practically  untouched.  In  some  cases,  however,  as  will  be 
shown  in  the  sequel,  it  may  be  accoiinted  for  by  the  conflicting 
nature  of  the  evidence  supplied  by  different  groups  of  organisms 
from  one  and  the  same  band.  In  the  Appendix  to  this  volume 
dealing  with  the  Bibliography,  upwards  of  twenty  palaeonto- 
logical  memoirs  referring  to  the  Silurian  rocks  of  Girvan  are 
enumerated;  at  present  we  shall  refer  only  to  those  bearing 
on  the  order  of  succession. 

In  the  volume  on  "  British  Palaeozoic  Kocks  and  Fossils," 
published  in  1855,  by  Sedgwick  and  M*Coy,  many  of  the  types 
from  the  Girvan  region  are  figured  and  described,  and  horizons 
are  assigned  to  some  of  the  fossil-bearing  zones.  The  Craighead 
Limestone  is  referred  to  Upper  Bala  time,  the  Aldons  Limestone 
to  the  Lower  Bala,  and  the  Miilloch  Hill  Sandstones  and 
Drummuck  beds  to  the  Upper  Bala  formation. 

In  the  **  Catalogue  of  Cambrian  and  Silurian  Possils ''  in  the 
Cambridge  Museum,  prepared  by  Mr.  Salter,  with  a  preface  by 
Sedgwick,  which  appeared  in  1873,  tlie  Stinchar  Limestone 
(including  the  limestone  visible  at  Aldons,  Bougang,  and  Knock- 
dolian)  is  assigned  to  the  Lower  Bala  horizon  (Llandeilo) ; 
the  Craighead  Limestone,  with  the  Glenwhapple  and  Ardwell 
beds,  to  the  Middle  Bala  position;  while  the  Di-ummuck  and 
Mulloch  Hill  beds  are  relegated  to  the  Upper  Bala  formation.* 

In  Mr.  Salter's  unfinished  Monograph  of  the  British  Trilo- 
bites  (1864-83),  only  a  few  of  the  types  of  this  group  from  the 
Silurian  rocks  of  Girvan  are  figured  and  described ;  but  viewing 
these  species  in  the  light  of  the  known  vertical  range  of  the 
trilobites  in  the  Lower  Palaeozoic  rocks  of  Wales,  he  groups 
the  Craighead  Limestone  and  Penwhapple  beds  with  the 
Caradoc  formation  (Murchison),  and  the  Drummuck  Mudstones 
and  Mulloch  Hill  Sandstones  with  the  Llandovery  Bocks. 
From    the     Bougang     Limestone    (the     representative     of    the 

*  In  tho  classification  of  the  Lower  Palteozoic  rocks  given  in  this  volume,  the 
terminology  here  used  is  clearly  defined  ;  the  Lower  Bala  group  (Sedgwick)  represents 
the  Upper  and  Lower  Llandeilo  rocks  (Murchison) ;  the  Middle  Bala  group  (Sedgwick), 
the  Caradoc  and  Bala  rocks  (Murchison);  and  the  Upper  Bala  group  (Sedgwick)  is  the 
equivalent  of  the  Lower  Llandovery  formation  of  Murchison. 
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Stiiichar  Limestone)  Salter  records  the  tail  of  a  trilobite  which 
he  doubtftilly  refera  to  Asaphus  (Isotelus),  assigning  it  to  the 
horizon  of  the  Llandeilo  flags. 

In  the  Monograph  of  the  Silurian  Brachiopoda  (1864-1871)  by 
Mr.  Davidson,  various  forms  from  the  Girvan  region  appear, 
and  are  referred  to  certain  definite  horizons.  An  analysis  of 
these  references  shows  that  the  Craighead  Limestone,  Bal- 
clatchie  and  Ai-dwell  beds  are  assigned  to  the  Caradoc  formation, 
while  the  Saugh  Hill  grits,  the  Penkill  beds,  and  Mulloch  Hill 
Sandstones  are  grouped  with  the  Llandovery  Rocks.  The 
Supplement  to  the  foregoing  Monograph  (1882-4)  contains  a 
special  section  devoted  to  Scottish  Silurian  Brachiopoda,  in 
which  the  author  has  followed  the  stratigraphical  sub-divisions  for 
Ayrshire  propounded  by  Professor  Lapworth  and  the  list  of 
localities  furnished  by  Mrs.  Gray.  In  his  general  list,  the 
Craighead  Limestone  is  now  referred  to  the  Llandeilo  instead  of 
the  Caradoc  formation,  the  beds  at  Balclatchie,  Dow  Hill,  and 
Ardmillan  Brae  are  classed  as  Llandeilo ;  the  strata  at  White- 
house  Bay  and  Shalloch  Mill  are  regarded  as  Middle  Caradoc, 
and  the  Trilobite  Mudstones  of  Dnimmuck  as  Upper  Caradoc. 

In  the  three  Fasciculi  of  the  valuable  Monograph  of  the 
Silurian  Fossils  of  the  Girvan  District  by  Professor  H.  A. 
Nicholson  and  Mr.  R.  Etheridge,  jun.  (1878-80),  a  systematic 
descriptive  account  is  given  of  a  large  series  of  organic  remains 
fi'om  that  region,  numerous  types  are  figured,  and  suggestions 
are  made  regarding  the  probable  age  of  some  of  the  fossil- 
bearing  zones.  From  an  examination  of  the  corals.  Professor 
Nicholson  arrived  at  the  following  conclusions: 

1.  The  Craighead  Limestone  is  of  Lower  Silurian  age, 
corresponding  perhaps  with  the  upper  part  of  the  Trenton  Lime- 
stone, or  the  beds  of  the  Cincinnati  and  Hudson  Biver  for- 
mations of  North  America. 

2.  The  Mulloch  Hill  beds  represent  the  Upper  Llandovery  or 
May  Hill  Sandstone  of  ''  Siluna." 

*i.  The  Penkill  beds  near  Girvan  (greenish-grey  mudstones 
in  Penwhapple  Glen)  must  find  their  ])lace  towai'ds  the  lower 
jiortion  of  tne  Upper  Silurian  series. 

4.  The  ,Shalloch  Mill  beds  with  a  thin  hand  of  coralline 
Umestone  are  referred  to  Upper  Silurian  time. 

5.  The  Balclatchie  beds,  described  as  dark  green  coarse-grained 
volcanic  ashes  (Balclatchie  grits),  are  probably  low  down  in  the 
Silurian  series. 

On  the  other  hand,  from  the  evidence  supplied  mainly  by  the 
trilobites,  Mr.  Etheridge,  jun.,  thus  summarised  the  results  of 
his  investigations : 

1.  The  Ci*aighead  Limestone  and  Shale  may  be  of  Caradoc 
age. 

2.  The  Mulloch  Hill  beds  are  referable  to  the  Lower  or  Upper 
Llandovery  formation. 
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3.  The  Penkill  beds  contaiu  a  peculiar  mingling  of  species  of 
trilobites,  the  majority  indicating  the  lower  part  of  the  Upper 
Silurian  system. 

4.  The  trilobites  of  the  Balclatchie  mudstones  and  grits  have 
a  strong  Garadoc  facies,  though  a  few  forms  are  equally  typical 
of  other  horizons. 

5.  The  trilobites  from  Ardmillan  Bi-ae  are  mainly  Caradoc. 

G.  The  matrix  at  Penwhapple  more  or  less  resembles  that  at 
Balclatchie,  and  the  bods  are  probably  Caradoc. 

7.  The  Drummuck  mudstones  will  probably  turn  out  to  be 
of  Lower  or  Upper  Llandovery  age  from  the  evidence  afforded 
by  the  trilobites — a  suggestion  which  will  be  dominated  by  the 
moUusca  found  in  association  with  them. 

8.  The  beds  in  Thrave  Glen  are  probably  of  Llandovery  age. 

9.  The  Aldons  Limestone,  in  accordance  with  Professor 
M'Coy\s  conclusion,  is  assigned  to  Lower  Bala  time  (Llandeilo). 

The  statements  made  in  the  foregoing  paragraphs  will  be 
sufficient  to  show  the  divergence  of  opinion  among  palaeonto- 
logists regarding  the  age  of  some  of  tne  prolific  fossil-bearing 
zones  in  the  Girvan  region;  but  though  no  reliable  order  of 
succession  had  been  established,  the  various  investigators  were 
agreed  that  there  are  representatives  of  Llandeilo,  Caradoc,  and 
dandovery  strata  in  the  Lower  Palaeozoic  rocks  of  Girvan. 

In  connection  with  the  development  of  palaeontological 
research  among  the  Silurian  fossils  of  Girvan,  special  reference 
ought  to  be  made  to  the  magnificent  collection  of  organic 
remains  from  the  Silurian  rocks  of  that  region,  made  by  Mrs. 
Robert  Gray  and  various  members  of  her  family.  This  unique 
collection,  numbering  about  30,000  specimens,  was  placed  at 
the  service  of  Professor  H.  A.  Nicholson,  Mr.  Etheriage,  jun.. 
Professor  Lap  worth,  and  others  to  aid  them  in  their  investi- 
gations; indeed,  the  autHors  of  the  Monograph  of  the  Silurian 
Fossils  of  Girvan  frankly  acknowledge  their  great  debt  of  grati- 
tude to  Mrs.  Gray,  without  whose  co-operation  that  work  could 
not  have  appeared.  In  the  preparation  of  the  Palaeontological 
Appendix  to  the  present  volume,  Mrs.  Gray  has  rendered  great 
service  by  drawing  out  a  list  of  organic  remains  from  the  Lower 
Palaeozoic  rocks  of  Girvan;  the  various  localities  being 
furnished  by  herself,  and  the  stratigraphical  grouping  being 
based  on  the  order  of  succession  established  by  Professor 
Lapwoi-th. 

An  iinportant  contribution  was  made  by  Professor  Bonney  in 
1878  to  tne  study  of  the  crv^stalUne  rocks  of  Ballantrae,  in  which 
he  demonstrated  the  truly  igneous  character  of  the  serpentine, 
gabbro,  porphyrites,  &c.,  of  tnat  region.*  From  a  consideration 
of  the  field  evidence  and  the  results  of  microscopic  examination 
he  arrived  at  the  following  conclusions : 

1.  That  the  serpentine  of  this  district  is  iutinisive  and,  like 
so  many  others,  is  an  altered  olivine  rock. 

*  "On  the  Serpentine  and  Asaociated  Igneoun  Rooks  cf  the  Ayrshire  Coast."    Quart. 
Jour.  Gool.  Soc.    Vol.  XXXIV.   p.  769. 
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2.  That  there  is  no  hypersthene  rcxjk,  but  gabbros  of  two  ages, 
both  of  igneous  origin,  the  first  extraordinarily  rich  in  diallage, 
so  that  it  can  hardly  be  called  a  gabbro,  the  second  much 
resembling  the  later  gabbro  of  the  Lizard,  Cornwall. 

3.  That  the  porphyrites  of  Balcreuchan  and  Pinbain  Hill  are 
true  igneous  rocks,  and  very  probably  remnants  of  lava-flows 
associated  with  tufis  or  agglomerates. 

4.  That  several  of  the  rocks  into  which  the  serpentine  is 
intrusive  are  also  igneous,  and  are  augiiic,  not  homblendic. 

5.  That  there  are  some  doleritic  and  basaltic  dykes  of  later 
date  than  all  the  above. 

Regarding  the  age  of  the  rocks,  he  suggested  that  the  last- 
named  bassSts  are  probably  Miocene,  that  the  porphyrites  are 
probably  outliers  of  Middle  Old  Red  Sandstone  age,  and  that 
the  serpentine  is  intrusive  in  the  Lower  Silurian  rocks  of  the 
region,  and  therefore  of  later  date. 

In  1882,  Professor  Lapworth  communicated  the  results  of  his 
detailed  mapping  of  the  Girvan  area  to  the  Geological  Society  of 
London.  Having  established  the  vertical  range  of  the  grap- 
tolites  in  the  MofPat  Shales,  and  having  defined  the  sirati- 
graphical  equivalents  of  their  main  divisions  in  Wales  and  other 
regions,  he  approached  the  study  of  the  stratigraphy  of  the 
Girvan  rocks  from  a  fresh  standpoint.  The  following  is  a 
summary  of  his  main  conclusions  regarding  the  order  of 
succession : 

L  Selecting  the  Benan  Hill  conglomerate  as  the  primary 
horizon  of  reference,  he  shows  that  it  is  merely  the  central 
member  of  a  series  (the  Barr  series)  of  boulder  beds  and  con- 
glomerates, with  intercalary  zones  of  limestone  and  fossiliferous 
shales.  It  includes  the  Craighead  or  Stinchar  Limestone  as  a 
subordinate  member  near  its  base,  where  it  is  divided  from  the 
underlying  Ballantrae  Rooks  by  a  calcareous  conglomerate  and 
breccia  of  irregular  thickness. 

2.  The  Barr  Series  is  overlain  bv  the  Ardmillan  Series, 
composed  throughout  of  graptolite  flagstones  and  shales,  which 
nevertheless  arrange  themselves  naturally  in  several  distinct 
sub-formations.  The  higher  and  lower  divisions  (the  Ardwell, 
Barren  Fla^tone  and  Drummuck  beds)  have  their  respective 
positions  fixed  by  stratip-aphical  evidence.  The  proper 
relations  of  its  central  divisions  (the  Cascade  and  Whitehouse 
beds),  the  strata  of  which  are  usually  inverted,  are  established 
mainly  by  geographical  considerations. 

3.  The  graptolite  series  of  Ardmillan  is  followed  by  the 
Newlands  Series,  consisting  of  Brachiopod-sandstones,  Pen- 
tamerus  grits,  and  Monograptus  shales.  The  position  of  the 
first  sub-division  of  the  series  (Mulloch  Hill  beds)  is  fixed  by  its 
relation  to  the  terminal  beds  of  the  older  Ardmillan  series,  and 
the  place  of  the  highest  division  (the  Camregan  group)  by  its 
relation  to  the  newer  Dailly  series.  The  position  of  the  central 
division  (the  Saugh  Hill  group)  is  deduced  with  equal  certainty 
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from  its  intermediate  place  in  the  series.  The  sequence, 
however,  of  the  component  sti*ata  of  this  central  division  is 
rendered  so  dubious,  by  inversion,  faulting,  and  local 
unconformities,  that  only  a  provisional  classification  of  its 
minor  zones  is  possible. 

4.  The  Dailly  Series  forms  the  fifth  division,  being  at  once 
the  thickest  and  most  homogeneous  series  in  the  Girvan 
succession,  comprising  the  Penkill,  Bargany,  and  Straiten  beds. 

One  of  the  remarkable  features  of  Professor  Lapworth's 
investigations  in  the  Girvan  area  is  his  identification  there  of 
certain  graptolite  zones  which  are  characteristic  of  the  Moflfat 
Shales  and  overlying  Bala  group.  For  example,  in  tlie  shales 
associated  with  the  Stinchar  Limestone  series,  he  records  the 
presence  of  Didymograj^tus  sujjerstes,  Dicellograptus  sextans,  &c., 
which  are  typical  of  the  Glenkiln  division  (Moffat)  ;  in  the 
Ardmillan  series  he  finds  Clirruicograptus  caiidaJtus,  IHcellog^'aptus 
Foi'chhammeri,  I/eptograj^tus  flaccidus,  Pleurograptus  linearis,  Diplo- 
grapitis  truncatiis,  &c.,  indicating  Hartfell  horizons ;  in  the  Newlanda 
series  he  chronicles  Diplograptus  modestus,  Monograptus  Sedg- 
vncki,  and  Rasirites  maximns,  &c.,  some  of  which  are  zonal  forms 
of  the  Birkhill  division ;  in  the  Dailly  series  he  notes  Crosso- 
podia,  Protovirgularia,  Monograjitus  exiguus,  Monograptus 
galaensis,  Cyrtograptxis  Grayi,  Mo7iograp>tus  priodon,  M, 
vomerinus,  &c.,  occurring  partly  in  the  Gala  gfroup  and  partly 
in  the  Wenlock  beds.  The  discovery  of  these  graptolite  zones 
in  the  Girvan  area  threw  a  flood  of  light  on  the  stratigraphical 
horizons  of  that  complicated  region.  He  was  thus  enabled  to 
demonstrate  that  Murchison  had  been  misled  by  the  apparent 
synclinal  arrangement  of  the  strata  on  the  plateau  on  the  south 
side  of  the  Girvan  valley,  and  that  he  had  thus  erred  in  placing 
the  Pentameras  grits  of  Saugh  Hill  on  a  lower  horizon  than  the 
graptolitic  flagstones  of  Ardwell  and  Penwhapple  Glen 
(Ardmillan  series).  Over  much  of  that  region  the  beds  are 
inverted,  and  hence  no  reliable  conclusions  can  be  based  on  mere 
superposition. 

In  his  paper  on  "  The  Girvan  Succession  "  Professor  Lapworth 
further  states  that  the  Girvan  rocks  appear  to  repose,  at  their 
base,  on  the  generally  older  igneous  and  altered  rocks  of 
Ballantrae,  but  they  had  been  too  imperfectly  studied  to  hazard 
any  conclusion  regarding  their  age.  He  made  the  important 
announcement,  however,  that  fragments  of  Ballantrae  igneous 
rocks  occur  in  the  Kirkland  or  purple  conglomerate  at  the  base 
of  the  Girvan  sequence,  and  hence  many  of  the  Ballantrae 
volcanic  rocks  must  be  older  than  the  basement  beds  of  the 
Girvan  succession.  He  suggests  that  these  pre-Girvan  lavas  and 
ashes  must  either  represent  the  Arenig  and  Llandeilo  volcanic 
rocks  of  Wales  and  Cumberland,  or  must  be  of  more  ancient  date. 
On  the  other  hand,  rocks  which  are  unquestionably  of  true 
Girvan  age  occur  at  many  localities  within  the  typical 
Ballantrae  region  itself,  while  the  patches  of  altered  or  so-called 
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Ballantrae  rocks  found  outside  that  area  almost  ceHainly  include 
some  greatly  altered  Girvan  rocks. 

In  addition  to  the  unconf ormability  at  tlie  base  of  the  Girvan 
succession,  Professor  Lapworth  showed  that  the  sequence  of  the 
Girvan  rocks  is  broken  by  one  fairly  distinct  unconformability, 
viz.,  that  at  the  base  of  the  Craigskelly  conglomerate.  He  adds 
that  the  presence  of  boulder  beds  at  the  base  of  the  MuUoch 
group,  at  the  base  of  the  Saugh  Hill  grits,  and  elsewhere, 
renders  it  probable  that  other  local  breaks  may  be  detected. 

In  the  January  number  of  the  Geological  Magazine,  1889, 
there  appeared  Professor  Lapworth's  final  contribution  to  the 
stratigraphy  and  palasontology  of  the  Silurian  rocks  of  the 
Southern  Uplands.*  In  Part  I.  of  this  communication 
Professor  Lapworth  states  that  the  Ballantrae  rocks  have  been 
regarded  by  him  as  a  complex  formed  of  :  (a)  the  Stinchar 
Limestone  and  conglomerate  series,  (b)  a  stratiform  series  of 
sedimentary  and  volcanic  ixxsks  of  much  earlier  date,  (c) 
intruded  igneous  masses  of  subsequent  but  unknown 
geological  age.  In  order  to  study  the  Ballantrae  rocks  in 
greater  detail,  and  to  establish  on  palseontological  grounds  the 
pre-Girvan  age  of  these  members  of  the  Bsdlantrae  complex 
which  were  held  by  him  to  be  of  higher  antiquity  than  the 
basement  beds  (Upper  Llandeilo)  of  the  Girvan  succession,  he 
paid  a  visit  to  this  district  in  1885,  when  he  obtained  evidence 
which  led  him  to  the  following  conclusions : 

1.  The  diabases,  syenites,  gabbros,  and  serpentines  occurring 
in  the  altered  patches  within  the  limits  of  the  Girvan  district 
are  mostly,  if  not  all,  of  post-Girvan  age.  They  occasionally 
traverse,  harden,  and  alter  such  of  the  Lower  Girvan  rocks  as 
they  are  locally  associated  with,  and  they  have  intruded  them- 
selves mainly  in  sheets  along  the  many  anticlinal  arches  into 
which  the  Girvan  rocks  are  thrown,  either  between  the  Girvan 
rocks  and  the  Ballantrae  rocks  proper,  or  among  the  limestones 
and  conglomerates  which  make  up  the  basal  members  of  the 
Girvan  succession. 

2.  The  Ballantrae  rock-complex  further  includes  contempor- 
aneous volcanic  and  sedimentary  rocks,  some  of  the  last  of  which 
are  distinctly  of  pre-Girvan  date,  for  they  contain  locally  a 
well-marked  graptolitic  fauna  of  middle  Arenig  age,  occurring 
in  black  shales  on  the  sea-shore  at  Bennane  Head.  A  list  of  the 
fossils  is  given,  together  with  a  Table  showing  their  distribution. 
Professor  Lapworth  further  states  that  the  Ballantrae  series 
forms  a  complex  of  stratified,  altered,  and  igneous  rocks  of  very 
different  geological  ages  (Arenig,  Llandeilo,  and  Post-Ordo- 
vician),  the  common  facies  of  the  pseudo-series  being  mainly 
the  result  of  the  common  interfolding,  alteration,  and  intrusion 
which  its  rocks  have  undergone. 

In  Part  11.  of  this  communication  he  indicates  the  distribution 
and  physical  relations  of  the  various  rock  formations  entering 
into  the  structure  of  the  Southern  Uplands. 


32  The  SUurian  Rocks  of  Scotland. 

Disregarding  the  lowest  strata  (the  Ballantrae  or  Arenig 
rocks),  which  are  supposed  to  come  to  the  surface  only  within 
the  limits  of  the  Ballantrae  distiict,  and  the  highest  strata 
(Wenlock-Ludlow),  which  merely  skirt  the  upland  plateau  on 
its  north-west  and  south-east  flanks,  Professor  Lapworth 
arranges  almost  the  whole  of  the  Lower  PaliBozoic  strata  of  the 
uplands  in  two  grand  lithological  divisions. 

1.  A  lower  Terrane  (Moffat  Terrane),  including  strata  ranging 
from  the  Upper  Llandeilo  to  the  Upper  Llandovery. 

2.  An  upper  Terrane  (Gala  or  Queensberry  Terrane),  embracing 
strata  generally  of  Tarannon  age. 

The  rocks  of  the  Lower  or  Moffat  Terrane  attain  their 
maximum  development  in  the  Ballantrae-Girvan  district,  where 
they  include  (a)  the  Barr  or  Stinchar  series  (Bala-Llandeilo), 

(b)  the  Ardmillan  series  (Bala-Caradoc),  and  (c)  the  Newlanas 
series  (Llandovery).  These  groups  are  composed  of  strata  of 
variable  lithological  characters,  containing  an  abundant  fauna 
of  the  usual  Lower  Palaeozoic  life  types,  with  an  aggregate 
thickness  of  about  4000  feet.  Followed  across  the  uplands 
towards  the  south-east,  they  rapidly  diminish  in  thickness  as 
they  reappear  in  various  anticlines,  till  in  the  Moffat  district 
they  are  reduced  to  300  or  400  feet  in  thickness.  Here  the 
Moffat  Terrane,  consisting  mainly  of  black,  grey,  and  white 
shales,  is  represented  by  (a)  Glenkiln  shales,  (b)  Hartfell  shales, 

(c)  Birkhill  shales,  charged  with  a  fauna  almost  exclusively 
graptolitic. 

The  members  of  the  overlying  Gala  or  Queensberry  Terrane 
are  represented  in  the  Girvan  district  by  the  Dailly  series, 
upwards  of  2500  feet  thick,  consisting  mainly  of  repetitions  of 
grey  grits,  flagstones,  and  red  and  purple  shales.  The  strata 
grow  thicker  and  coarser  as  they  are  followed  eastwards  across 
the  uplands,  but  in  the  central  parts  of  the  plateau  a  lower 
(Queensberry)  and  a  higher  (Grieston)  division  can  still  be 
roughly  made  out.  Still  further  to  the  south-east  the  beds 
become  flner  in  grain  and  decrease  in  thickness  till  they  plunge 
underneath  the  Wenlock  Rocks  of  Riccarton  and  Kirkcudbright. 
After  stating  that  the  main  mass  of  the  visible  rocky  floor  of 
the  Southern  Uplands  is  formed  of  members  of  the  Gala 
Terrane,  Professor  Lapworth  proceeds  to  indicate  that  the 
pseudo-synclinal  arrangement  of  the  strata  in  the  Leadhills  area 
is  an  example  of  the  "fan  structure"  of  mountain  areas 
(endocline)  where  we  may  naturally  expect  to  find  the  deepest 
strata,  and  that  the  pseudo- anticline  of  the  Hawick  line  is  due 
to  inverted  "  fan  structure  "  (exocline)  where  the  highest  strata 
may  occur. 

The  exposures  of  pre-Gala  strata  are  disposed  in  broad  geo- 
graphical bands  or  zones,  ranging  north-east  and  south-west, 
of  which  the  following  three  are  specially  conspicuous :  (1)  the 
south-east  band  of  Wigtown,  Moffat,  and  Melrose,  (2)  the 
central  band  of  Portpatrick,   Leadhills,   and   Lammermuirs,   (8) 
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the  western  zones  of  Ballantrae  and  Oirvan.  In  the  Moffat- 
Melrose  anticlines  the  members  of  the  Moffat  series  appear  as 
narrow  "  inliers  "  among  the  Gala  rocks,  while  in  the  anticlines 
of  the  Leadhills-Moorfoot  band  the  exposures  are  often  more 
than  a  mile  across.  In  the  latter  region  the  strata  of  the  locally 
thick  Moffat  series  are  occasionally  laid  bare  to  a  depth  of  at 
least  2000  feet  down  to  the  calcareous  strata  at  their  base 
(Dunt^rcleuch  and  Wrae).  In  the  Girvan  region  the  locally 
massive  Moffat  series  forms  a  belt  four  or  five  miles  across ;  the 
beds  are  exposed  fix)m  base  to  summit,  and  the  underlying  Arenig 
rocks  are  laid  bare. 

In  working  out  the  order  of  succession  throughout  the 
uplands,  Professor  Lapworth  states  that  graptolites  must  play 
the  chief  part,  as  they  are  almost  the  only  fossils  met  with  in 
the  strata  of  this  wide  region.  The  known  restriction  of  the 
entire  family  of  the  Mono^raptidoR  to  Silurian  strata  (Upper 
Silurian,  Murehison  and  the  Geological  Suirvey)  affords  the 
means  of  determining  the  outcrop  of  the  upland  boundary 
between  the  Ordovician  (Lower  Silurian,  Murehison  and  the 
Survey)  and  the  Silurian  (Upper  Silurian)  rocks.  He  suggests 
that  the  outcrop  of  the  main  boundary  line  between  the  strata 
of  these  two  systems  will  be  found  to  pass  obliquely  across  the 
tableland  from  near  Dunbar,  by  the  south  of  the  Moorfoots,  the 
valley  of  the  Tweed,  near  the  Crook,  to  the  sea-coast  south  of 
Portpatrick.  North  of  this  line,  the  mass  of  the  strata  will  be 
founa  to  be  Ordovician  (Lower  Silurian) ;  such  (Upper)  Silurian  rocks 
as  occur  fonning  outliers  parallel  with  the  great  boundary  fault. 
South-east  of  this  line,  the  mass  of  the  strata  must  be  classed 
as  Silurian  (Upper :  Silurian) ;  the  Ordovician  (Lower  Silurian) 
rocks  occurring  only  locally  as  long  lenticular  inliers,  gradually 
diminishing  in  systematic  importance  as  they  are  followed  across 
the  country  from  north  to  south  and  from  east  to  west. 

Professor  Lapworth  gives  various  sketch  sections  across  the 
uplands,  illustrative  of  his  views  of  the  general  disposition  and 
inter-relationships  of  the  strata,  together  with  a  "  Table  of 
Correlation,"  showing  the  more  important  palsBontological  data 
which  bear  on  the  question  of  the  upland  sequence. 

In  the  spring  oi  1888  the  re-examination  of  the  Southern 
Uplands  was  begun  by  the  Geological  Survey.  Messrs.  Peach 
and  Home,  accompanied  by  Mr.  Macconochie,  mapped  the 
sections  at  Ettrickbridge-end,  in  the  Tima  Water,  and  south-west 
to  Wamphray ;  and,  in  the  northern  part  of  the  tableland,  the 
tract  between  Abington  and  the  Culter  Water,  south  to  the 
valley  of  the  Tweed.  An  official  report  embodying  the  results 
of  their  work  was  forwarded  in  the  same  year  to  the  Director- 
General,  in  which  they  finally  abandoned  the  order  of  succession 
hitherto  followed  by  the  Survey.  The  following  points,  among 
others,  were  given  in  this  report : 

1.  In  the  course  of  the  survey  of  the  Abington  area  they 
discovered    a    series    of    volcanic    rooks    (diabase    lavas    and 
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agglomerates)  associated  with  a  prominent  zone  of  cherts  and 
the  Glenkiln  black  shales  charged  with  typical  graptolites  of 
that  division.  In  the  field,  Mr.  Peach  observed  numerous 
minute  organisms  in  the  cherts,  which  were  subsequently 
determined  to  be  radiolarians  by  Professor  H.  A.  Nicholson 
and  Dr.  Hinde.  The  volcanic  rocks  come  to  the  surface  along 
anticlinal  folds,  and  occupy  a  lower  horizon  than  any  beds  in  the 
Moffat  area;  being  in  all  likelihood  of  the  same  age  cts  the 
contenmoraneous  lavas  and  tuffs  at  Ballantrae,  Ayrshire. 

2.  The  fossiliferous  grits  and  conglomerates  (Duntercleuch, 
Olendowran,  &c.)  are  associated  with  the  Glenkiln-Hartfell 
black  shales,  and  are  apparently  of  Caradoc  age;  the  Lowther 
shales  with  the  lenticular  bands  and  nodules  of  limestone  (Wrae 
Limestone)  are  probably  the  equivalents  of  the  Barren  Mud- 
stones  of  the  Moffat  series  (Tipper  Hartfell),  and  therefore  of 
Caradoc  age. 

3.  The  northern  outcrop  of  the  base  of  the  Llandovery  Rocks 
(Queensberrv  Grits  and  Dalveen  Group)  is  indicated  by  flaggy 
shales  with  bands  of  dark  or  black  shales  yielding  dwarfed  forms 
of  graptolites,  probably  representing  the  basal  beds  of  the 
Birkhill  division. 

4.  In  such  a  highly  contorted  region  as  that  of  Abington,  the 
apparent  order  of  superposition  is  entirely  misleading,  and  the 
only  method  of  determining  the  succession  is  by  means  of  the 
graptolite  zones  established  by  Professor  Lapworth  in  the  Moffat 
region. 

In  1890,  Dr.  Hinde  published  the  results  of  his  examination 
of  the  collection  of  cherts  obtained  by  the  Geological  Survey 
from  the  Abington  area,  which  was*  submitted  to  him  for 
determination.*  He  concludes  that  this  "  chert,  may  be  fairly 
considered  to  be  due  to  the  accumulation  of  the  tests  of 
radiolaria,  and  is  thus  a  pure  radiolarian  rock  equally  as  much 
as  the  Tertiary  beds  of  Barbadoes  and  Nicobar  Islands,  which, 
according  to  Haeckel,  correspond  to  the  recent  radiolarian  ooze 
and  are  of  deep-sea  origin,  having  probably  been  deposited  at 
depths  greaticr  than  2000  fathoms.  If  the  same  conclusion  is 
mplicable  to  this  fossil  chert,  it  may  represent,  as  Professor 
H.  A.  Nicholsont  has  already  pointed  out,  a  true  deep-sea 
deposit  in  the  Palaeozoic  period,  the  existence  of  which  in  the 
geological  fterieslhas  of  late  been  disputed.  The  beds  of  fine- 
grained red  and  green  mudstones  associated  with  this  chert 
likewise  favour  the  same  view  of  its  origin  in  deep  water." 

In  1889,$  a  paper  was  contributed  to  the  Royal  Society  of 
London  by  Mr.  Allport  and  Professor  Bonney,  on  the  contact 
metamorphism  of  the  Silurian  rocks  by  the  granite  west  of 
New   Galloway.      In    1890,§    another   important  communication 

•  Annala  and  Magazine  of  Nat.  Hist,,  July  1890,  p.  46  rf  *w. 

tTrang.Bdin.Oeol.Soc     Vol.  VI.,  Part  I.,  p.  56. 

JReport  on  the  effects  of  Contact- Me tamorphwm  exhibited  by  the  Silurian  rocks  near 
the  town  of  New  Galloway.     Proc.  Roy.  Soc.,  London.     Vol.  XLIX.  (1889),  p.  79. 

fContact  alteration  near  New  Galloway.  Quart.  Jour.  Geol.  Soc.  Vol.  XLVI.  (1890), 
p.  oov* 
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was  made  by  Miss  Gardiner  to  the  Geological  Society  of  Loadou, 
in  which  she  described  the  alteration  of  Silurian  sediments  into 
sillimanite-gneiss  in  contact  with  the  Xew  Galloway  granite. 
These  papers  are  more  specially  referred  to  in  the  chapter 
dealing  with  contact  metamorpkb»m. 

Since  1888,  the  re-examination  of  the  Southern  Uplands,  in  the 
light  of  Professor  Lapworth's  researches,  has  been  carried  on  at 
intervals  by  the  Geological  Survey  as  the  exigencies  of  the  work 
in  the  Highlands  permitted.  In  the  Central  Belt,  between  St.  Abbs 
Head  and  the  Mull  of  Galloway,  all  the  known  exposures  of  the 
Moffat  series  were  re-examined,  their  structural  relations  ascertained, 
and  fossils  were  collected  sufficient  to  determine  the  horizons  of  the 
main  divisions  of  that  series.  The  important  structural  line 
marking  the  northern  limit  of  the  Llandovery  and  Tarannon  rocks 
of  the  Central  Belt  has  been  traced  across  the  uplands  from  the 
slopes  of  the  Lammermuir  Hills  to  the  western  headlands  of 
Wigtownshire — a  labour  attended  with  considerable  difficulty, 
owing  to  the  gradual  disappearance  of  the  Birkhill  shales  with 
most  of  their  fossils  and  their  replacement  by  coarser  sediments. 
In  the  Northern  Belt,  from  the  Lammermuir  Hills  to  Loch  Ryan 
and  Portpatrick,  all  the  known  exposures  of  the  Moffat  shales  were 
likewise  re-mapped,  the  respective  boundaries  of  the  Arenig 
volcanic  rocks  and  overlying  radiolarian  cherts  were  traced,  and 
fossils  were  gathered  to  fix  the  horizons  of  the  succeeding  Glenkiln- 
Hartfell  shales.  Again,  in  the  Girvan  area,  the  volcanic  and 
plutonic  rocks  of  Baflantrae  were  re-mapped,  and  their  relations  to 
the  Arenig  igneous  rocks  and  radiolarian  cherts  of  the  uplands 
were  ascertained,  while  the  main  sections  of  the  Girvan  succession, 
mapped  and  described  by  Professor  Lapworth,  were  re-visited. 
During  the  prosecution  of  the  re-sun^ey  portions  of  the  large 
granite  masses  and  of  the  aureoles  of  contact  metamorphism  were 
re-examined,  and  materials  were  obtained  for  petrographical 
description.  Finally,  the  Upper  Silurian  inliers  of  Lanarkshire 
and  the  Pentland  HUls  were  re-traversed,  the  sub-divisions  of  the 
Downtonian  rocks  in  these  areas  were  ascertained,  and  their 
fossiliferous  zones  successfully  traced.  Sheets  16  and  8 
of  the  one-inch  map  of  Scotland  have  been  published  in  the 
course  of  the  re-survey,  and  a  revised  edition  of  Sheet  7  has  just 
appeared. 

The  results  of  the  re-examination  of  the  Southern  Uplands  by 
the  Geological  Sui*vey  have,  from  time  to  time,  been  summarised 
in  the  Annual  Reports  of  the  Director-General,  and  may  be 
briefly  recapitulated  as  follows : 

1.  The  occurrence  of  a  series  of  Arenig  volcanic  and  plutonic 
rocks  on  various  anticlines  over  an  area  of  about  1500  squai*e 
miles. 

2.  The  existence  of  a  well-marked  band  of  radiolarian  cherts 
and  mudstones,  overlying  the  foregoing  volcanic  series,  which 
has  been  traced  oyer  a  part  of  the  uplands  measuring  about 
2000  square  miles. 
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3.  The  main  band  of  radiolaiian  chert  and  mudstone,  though 
about  70  feet  thick,  represents  the  succession  of  deposits  which, 
elsewhere  in  Britain,  intervene  between  the  Middle  Arenig  and 
uppermost  Llandeilo  strata. 

4.  The  occurrence  at  various  localities  over  a  limited  area  of 
volcanic  rocks  of  Llandeilo  and  Caradoc  age. 

5.  During  the  examination  of  the  various  black  shale  out- 
crops throughout  the  uplands,  a  great  amount  of  detailed 
evidence  has  been  obtained,  confirming  the  order  of  succession 
established  by  Professor  Lapworth,  and  the  lateral  variation  of 
the  strata  between  Moffat  and  Girvan. 

6.  The  inclusion  of  the  Downtonian  strata  of  Lanarkshire  and 
the  Pentland  Hills  in  the  Silurian  system,  owing  to  the  discovery 
of  fishes,  eurypterids,  &c.,  resembling  those  occurring  in  the 
Ludlow  rocks  of  Lanarkshire  and  other  regions. 

Summary.     In  the  foregoing  pages  we  have  endeavoured  to 

five  a  historical  account  of  the  development  of  research  in  the 
ilurian  rocks  of  the  Southern  TJplands,  from  which  it  will  be 
seen  that  considerable  detail  has  been  introduced  in  order  that 
justice  might  be  done  to  the  various  investigators.  Before 
concluding  this  sketch  it  is  desirable  to  place  clearly  on  record 
the  distinctive  features  of  Professor  Lapworth's  achievements, 
both  palseontological  and  stratigraphical,  which  resulted  in 
establishing  the  true  order  of  succession  of  the  strata. 

1.  From  the  outset  he  clearly  recognised  that  a  detailed  study 
of  the  vertical  distribution  of  the  graptolites  might  furnish  the 
key  to  the  true  interpretation  of  the  structure  of  the  region. 

2.  While  collecting  the  fossils,  zone  by  zone,  in  the  Moffat 
region,  he  found  that  certain  forms  occur  as  distinct  and 
consecutive  faunas,  which  always  preserve  the  same  relative 
sequence  though  the  strata  may  be  inverted  by  folding. 

3.  When  tracing  the  black  shale  bands  throughout  the 
uplands,  he  proved,  by  means  of  the  successive  graptolite  faunas, 
a  remarkable  variation  in  the  character  of  the  contemporaneous 
sedimentary  deposits;  the  black  shales  of  the  Central  Belt 
(the  Moffat  series),  which  do  not  exceed  300  feet  in  thickness, 
being  represented  in  the  Girvan  area  by  several  thousand  feet 
of  sediments. 

4.  By  his  researches  on  the  geological  distribution  of  the 
Rhabdophora  he  showed  that  the  sequence  of  graptolite  faunas 
established  in  the  Southern  Uplands  likewise  extends  over 
Europe  and  North  America. 

5.  The  determination  of  this  faunal  sequence  disposed  of  the 
order  of  succession  of  the  Silurian  rocks  of  the  South  of  Scotland 
based  on  Barrande's  doctrine  of  Colonies,  corrected  erroneous 
estimates  of  the  thickness  of  the  strata,  and  enabled  the 
structure  of  the  uplands  to  be"*  worked  out'^'in  the  most  highly 
complicated  districts. 
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CHAPTER  in. 

General  Description  of  the  Silurian  Hocks  of  the  Southern  Uplands 
of  Scotland,    I.  Stratigraphy,    II.  Tectonic  Arrangement. 

In  this  chapter  we  propose  to  give  a  brief  sketch  of  the 
geological  history  of  the  Silurian  strata  of  the  Southern  Uplands, 
describing,  first,  the  characters  of  the  rocks  and  fossils  in 
chronological  order,  and  indicating  the  probable  physical 
conditions  which  prevailed  during  each  successive  period;  and 
second,  the  present  tectonic  arrangement  of  the  strata  as 
produced  by  the  main  elevation  of  the  tableland  at  the  close  of 
Silurian  time,  and  modified  by  subsequent  denudation. 

I.  STRATIGRAPHY. 

At  the  outset  it  is  necessary  to  state  clearly  that,  with  the 
exception  of  certain  areas  where  local  unconformabilities 
prevail,  the  Silurian  strata  of  the  Southern  Uplands  point  to 
continuous  sedimentation  from  Arenig  to  Ludlow  and  Down- 
tonian  time ;  and  further  that,  in  the  case  of  many  of  the  great 
divisions  of  the  system,  there  is  a  constant  change  in  the  nature 
of  the  sedimentation,  as  we  pass  from  the  Centiul  Moffat  region 
northwards  and  westwards  by  the  Leadhills  to  the  Girvan  area. 
It  is  therefore  essential  to  trace  each  successive  rock-group, 
from  the  Moffat  area  towards  the  northern  margin  of  the 
tableland,  in  order  to  understand  the  variation  in  the  character 
of  the  strata,  and  the  consequent  changes  in  the  nature  of  the 
fauna  resulting  from  the  altered  physical  conditions  to  which 
these  variations  point. 

For  the  sake  of  convenience  of  description,  the  Silurian 
tableland  has  been  divided  into  the  following  geographical  belts, 
based  on  the  geological  relations  of  the  strata  (see  Map)  : 

1.  The  Southern  Belt,  comprising  the  Wenlock  and  Ludlow 
Rocks  along  the  southern  margin  of  the  tableland. 

2.  The  Central  Belt,  from  twenty  to  twenty-five  miles  in 
width,  composed  mainly  of  Llandovery  and  Tarannon  Rocks  (b^), 
stretches  from  the  Mull  of  Galloway  north-eastwards  by  Castle- 
Douglas  and  Moffat  to  Melrose  and  thence  to  St.  Abbs  Head. 

3.  The  Northern  Belt,  (x'cupied  by  Arenig,  Llandeilo,  and 
Caradoc  Rocks  (b\  b',  b'),  extends  from  the  northern  slope  of 
the  Lammermuir  Hills  south-westwards,  through  the  Moorfoot 
and  Leadhills  by  Sanquhar  to  Loch  Ryan  and  Portpatrick. 

4.  The  Girvan  area,  comprising  the  districts  in  the  neighbour- 
hood of  Girvan,  Bal1anti*ae,  Blair  and  Straiten. 
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LOWER  SILURIAN. 
AEENIQ. 

CENTRAL   BELT. 

Rocks. — The  strata  consist  of  cherts,  mudstones,  and 
grey  shales,  which  at  certain  localities  are  associated  with  fine 
volcanic  tuff. 

Fossils. — The  cherts  are  charged  with  radiolaria  which,  in 
this  belt,  have  not  been  named;  the  best  specimens  for 
determination  being  obtained  from  the  Northern  Belt. 

Conditions  of  Deposition. — The  deposits  imply  the 
prevalence  of  oceanic  conditions  throughout  the  central  area, 
with  clear  water,  beyond  the  limit  of  sedimentation,  save  in  some 
exceptional  instances  where  fine  terrigenous  material  was 
mingled  with  the  radiolarian  ooze.  The  fine  tuffs  likewise 
indicate  volcanic  activity,  or  at  least  the  diffusion  of  volcanic 
material  over  the  floor  of  the  ocean  in  this  portion  of  the 
Silurian  region  during  the  Arenig  period. 

NORTHERN   BELT. 

Rocks. — The  lowest  visible  strata  are  of  volcanic  origin, 
comprising  lavas  of  various  types  (diabase,  '^  diabase-porphyrite," 
and  mica-andesite),  together  witn  agglomerates  and  tuffs,  of 
whichperhaps  the  most  interesting  is  the  augite-andesite  tuff  of 
Bail  Hill,  Sanquhar.  These  are  traversed  by  intrusive  igneous 
materials,  including  dolerites  and  gabbros. 

Overlying  the  volcanic  series  comes  an  important  development 
of  cherts  and  mudstones,  which,  where  typically  developed  in  the 
Abington  area,  may  be  grouped  in  three  sub-zones.  '  The  lowest 
of  these  is  composed  of  red  or  chocolate-coloured  cherts  embedded 
in  a  fine  ashy  matrix,  possibly  of  volcanic  origin,  which, 
when  the  matrix  is  exposed  to  weathering,  bleaches  to  a  white 
colour.  The  middle  and  upper  sub-zones  consist  of  green  and 
grey  cherts  respectively,  which  occur  as  elongated  fiattened 
nodules  from  a  lew  inches  to  a  few  feet  across.  Frequently  they 
coalesce  so  as  to  form  a  more  or  less  persistent  bed.  These 
banded  cherts,  the  upper  surfaces  of  which  are  often  mammillated 
or  botryoidal,  vaiy  in  thickness  from  a  few  inches  to  a  foot  or 
more,  and  ^ve  rise  to  a  remarkable  ribbed  contour  which  is  a 
characteristic  feature  of  the  series.  They  are  associated  with 
green,  g^ey,  and  red  mudstones,  sometimes  several  inches  thick, 
which  by  the  admixture  of  siliceous  material  pass  laterally  into 
chert,  in  one  or  two  sections  a  thin  seam  or  film  of  black  shale  is 
intercalated  between  the  overlying  mudstones  and  cherts  and 
the  underlying  volcanic  rocks. 

Fossil  8. — The  cherts  are  abundantly  charged  with  radio- 
laria. From  the  researches  of  Dr.  Hinde,  in  whose  hands  the 
collection  of  cherts  made  by  the  Geological  Survey  was  placed  for 
examination,  it  appears  that,  in  thin  sections  of  the  unstained 
rock,  the  organic  remains,  when  viewed  under  the  microscope, 
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look  like  larger  and  smaller  circles  iillecl  with  somewkat  lighter 
material  than  the  surrounding  matrix.  In  this  condition  no 
structure  is  observed.  In  sections  of  the  red  or  jaspery  chert, 
the  outlines  of  the  radiolaria  are  more  clearly  defined,  the 
radiating  spines  being  sometimes  seen.  In  the  unstained  and 
red  cherts,  the  radiolaria  are  only  represented  by  casts,  their 
tests  having  been  dissolved  or  otherwise  rendered  indistinguish- 
able. Where,  however,  the  rock  has  been  stained  by  a  dark 
or  black  substance,  due  to  carbon,  iron,  or  manganese,  the  tests 
have  been  preserved  in  the  material  which  has  replaced  the 
original  siUca.  In  these  stained  portions  fairly  perfect 
specimens  of  radiolaria  have  been  found  by  Dr.  Hinde,  snowing 
one  or  more  concentric  spheres  and  spines  projecting  from  their 
surfaces. 

From  the  collection  of  cherts  Dr.  Hinde  has  identified  twenty- 
three  new  species  of  radiolaria,  belonging  to  twelve  genera,  of 
which  half  are  new,  together  with  some  spicules  of  hexactinellid 
sponges,  and  some  minute  toothed  plates  and  detached  denticles 
resembling  the  radul®  of  naked  molluscs.  He  infers,  as  already 
stated,  that  the  chert  is  due  to  the  accumulation  of  the  tests  of 
radiolaria,  and  is  thus  a  pure  radiolarian  rock,  like  the  Tertiary 
beds  of  Barbadoes  and  the  Nicobar  Islands. 

The  thin  seam  of  black  shale  overlying  the  Aronig  lavas  in  the 
Abington  district  has  yielded  specimens  of  the  following  Arenig 
graptolites :  Tei/ragrapivs  fruticosus,  T,  qtuidribrachiatiis,  together 
with  a  phyllopod  crustacean,  Caryocaris  Wrighti  (p.  286). 

The  mudstones,  immediately  overlying  the  foregoing  Arenig 
black  shale,  contain  a  profusion  of  hingeless  brachiopods,  similar 
to  those  which  usually  occur  in  graptolitic  deposits,  and  belonging 
to  the  genera,  Acrotkele,  2  species ;  Acroiretai  2 ;  Kutorgina,  2;  Lingula, 
1 ;  Lingulella,  3;  Linnarssonia,  2;  Obolella,  3;  together  with  a  glass- 
rope  sponge  (Hyahstelia)  and  Annelid  jaws,  referred  to  the  genus 
Arabellites. 

Conditions  of  Depositio n. — The  lavas,  tuffs,  and 
agglomerates  prove  that. volcanic  action  was  in  full  vigour  in 
the  northern  area  during  the  Arenig  period,  and  in  one  instance, 
at  Bail  Hill,  near  Sanquhar,  the  augite-andesite  agglomerate 
and  tuff,  which  is  there  developed  locally,  seems  to  point  to 
discharge  from  an  adjacent  centre.  After  the  ce^ssation  of 
general  volcanic  activity,  the  waters  remained  clear,  and  allowed 
the  accumulation  of  the  radiolarian  ooze.  The  shelly  mudstones 
and  thin  graptolitic  shale  no  doubt  suggest  nearer  proximity 
of  land  than  is  indicated  by  the  cherts,  but  when  viewed  in 
connection  with  their  fossil  contents,  they  clearly  indicate  an 
oceanic  phase  of  sedimentation. 

GIRVAN   AREA. 

Rocks. — Within  the  limits  of  the  Girvan  and  Ballantrae 
region  occurs  the  largest  development  of  Arenig  volcanic  rocks 
in   the   Southern   Uplands.      They    consist   of    a    succession    of 
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diabase  and  ''diabase-porpliyrite'*  lava^  with  inter  bedded  tuffs 
and  agglomerates,  the  diabase-lavas  being  fine-grained  and 
vehicular,  while  the  diabase-porphyrites  contain  large  pheno- 
crysts  of  felspai*.  One  of  the  most  striking  and  characteristic 
features  of  the  lavas  is  the  pillow-shaped  or  sack-like  structure 
which  they  present  in  the  held  (Pl^te  I.),  the  spaces  between 
the  spheroidal  masses  being  sometimes  hlled  with  fine  sediment 
such  as  black  shale  or  limestone  (Plate  II.)  From  the 
distinctive  petrographical  types  of  the  breccias  and  agglomerates 
near  the  top  of  the  volcanic  series,  as,  for  example,  the  augite- 
andesite  tuff  of  Mainshill,  Ballantrae,  and  the  diabase  breccia  of 
the  conical  hill,  Knockdolian,  it  is  clear  that  these  pyroclastic 
materials  must  have  been  erupted  from  several  independent 
vents. 

The  horizon  of  this  succession  of  lavas  and  tuffs  is  clearly 
defined  by  the  presence  of  fossiliferous  flinty  mudstones 
interleaved  in  the  volcanic  series,  and  by  black  grapto- 
litic  shales  near  the  top,  both  of  which  yield  graptoUtes  of 
Middle  Arenig  age.  Nowhere  is  the  base  of  this  volcanic  series 
exposed  within  the  limits  of  the  Ballantrae  and  Girvan  area,  so 
that  no  estimate  can  be  made  of  its  total  thickness,  nor  is  it 
possible  to  fix  the  geological  horizon  of  the  earliest  eruptions. 
Sir  Archibald  Geikie  has,  however,  suggested  that  *'  possibly  its 
visible  portions  represent  merely  the  closing  scenes  of  a  long 
volcanic  history  which,  over  the  area  of  the  South  of  Scotland, 
extended  into  Cambrian  time,  like  the  contemporary  series  of 
Cader  Idris."* 

This  volcanic  series  passes  upwards  into  red,  green,  and  grey 
cherts  which  are  interstratified  with  tuffs  and  breccias  that 
clearly  overlie  the  Middle  Arenig  band  of  black  shales.  Indeed, 
the  cliff  sections  leave  no  room  for  doubt  that  the  radiolarian 
cherts  were  deposited  contemporaneously  with  the  volcanic 
eruptions,  for  not  only  are  they  intercalated,  with  the  breccias, 
but  the  latter  likewise  contain  fragments  of  organic  chert  with 
radiolaria,  which  must  have  solidified  on  the  sea-floor  before 
its  disniption  by  the  explosions. 

The  interbedded  lavas,  tuff's,  and  agglomerates  are  associated 
with  intrusive  igneous  materials  of  various  peti'ographical  types, 
comprising  serpentine,  olivine-enstatite  rock,  and  gabbros,  &c. 
At  certain  localities  foliated  gabbro,  garnetiferous  hornblende- 
schist,  and  chlorite  schist  appear  among  the  intrusive  masses, 
together  with  certain  remarkable  granulitic  rocks  which  fre- 
quently show  a  banded  structure.  These  basic  masses  have  been 
subsequently  invaded  by  dykes  and  lenticular  bosses  of  dolerite 
which  present  chilled  margins  along  their  lines  of  contact  with 
the  surrounding  rocks. 

Fossil  s. — The  organic  remains  found  in  the  various  sediments 
associated  with  the  volcanic  series  underlying  the  radiolarian 
cherts  consist  mainly  of  graptolites  of  Middle  Arenig  facies  ;  the 
following   genera    being   represented:    Tetragraptus,    6    species; 

*  "Ancient  Volcanoes  of  (rroat  Britain."     Vol.  I.,  p.  196. 
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Dicliograpi'ns,  4 ;  Didytiiotjrajdvs,  4 ;  Tritjmwgraptus,  1  \  PhyUo- 
'jraphis,  1 ;  Veyidrograptus,  1 ;  Clvtnacoijrapttis,  1 ;  and  Dictyonema, 
1.  The  phyllopod  crustacean  Caryocaris  Wriyhti  is  likewise 
recorded  from  these  horizons.  The  genera  of  hingeless  brachiopods 
hitherto  met  %vith  in  these  sediments  are  not  so  numerous  as  those 
in  the  shelly  mudstones  of  the  same  age  in  the  Northern  Belt, 
viz. :  Aorotreta,  2  species ;  Discina,  1 ;  lAngxda^  1 ;  Obolella,  2. 
Sponges  are  represented  merely  b}'^  their  mooring  rods  (Plate 
XXVI.) 

Though  radiolaria  have  not  been  specifically  described  from 
the  Girvan  area^  they  occur  in  profusion  in  the  various  bands 
of  chert,  as  may  be  readily  seen  by  an  ordinary  lens. 

Conditions  of  Deposition. — ^Th.e  succession  of  lavas 
and  tuffs  points  to  submarine  volcanic  eruptions  which  have  been 
continued  for  a  considerable  lapse  of  time,  the  spheroidal  masses 
of  lava  being  surrounded  by  fine  sediment  transported  from  the 
existing  land  surface.  During  pauses  in  the  eruptions  fine  sand 
and  mud  were  accumulated  on  the  sea-floor,  in  which  were 
entombed  the  remains  of  hydrozoa,  phyllopod  crustaceans,  and 
brachiopods.  It  is  probable  that  as  the  volcanic  episode 
advanced  the  sea-floor  was  slowly  subsiding,  tor  the  land-bom 
sediment  disappears  near  the  top  of  the  series,  and  is  replaced 
by  radiolarian  ooze,  which,  must  have  been  laid  down  in  clear 
water.  That  the  volcanic  agencies  had  not  become  quiescent, 
however,  but  continued  at  intervals  to  break  out  anew,  is  proved 
by  the  fragments  of  lava  and  pieces  of  the  already  consolidated 
chert,  which  were  evidently  derived  from  the  disruption  of  the 
sea-floor,  and  were  buried  in  a  fresh  accumulation  of  radiolarian 
ooze. 

LLANDEILO. 

CENTRAL     BELT. 

Rock  s. — The  lower  division  of  the  Llandeilo  Rocks  through- 
out this  region  is  represented  by  radiolarian  cherts  and  mudstones 
which  immediately  overlie  the  Arenig  band  just  desci-ibed. 

The  upper  division  (Glenkiln  Shales)  is  composed  partly  of 
black  shales  alternating  with  thin  black  cherts  or  flinty  ribs, 
from  one  to  three  or  four  inches  thick,  and  partly  of  grey  and 
orange-coloured  ashy  mudstones,  with  bands  of  grey  radiolarian 
chert,  the  latter  being  indistinguishable  in  hand-specimens  from 
the  chert  which  immediately  overlies  the  Arenig  volcanic  rocks. 
These  cherts  are  succeeded  by  a  few  feet  of  black  shales,  passing 
upwards  into  the  overlying  Hartfell  black  shales. 

Volcanic  rocks,  consisting  of  fine  tuffs,  associated  with  radio- 
larian chert,  occur  at  certain  localities.  The  fine  tuffs  at  Trowdale, 
near  Castle-Douglas,  may  belong  to  Lower  Llandeilo  time,  and  the 
(ashy)  mudstones  found  in  Craigmichan  Scaurs  seem  to  be  com- 
posed partly  of  volcanic  materials. 

Fossils. — The  cherts  of  Lowei- Llandeilo  age,  as  well  as  those 
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interbedded  with  the  Glenkiln  black  shales,  are  abundantly 
charged  with  radiolaria. 

The  Upper  Llandeilo  Rocks  (Glenkiln  Shales)  possess  a 
characteristic  assemblafj^e  of  graptolites  which  differs  in  a 
marked  degree  from  that  recorded  from  the  Arenig  Rocks  of  the 
region.  Indeed,  only  two  of  the  Scottish  genera  {Didymo- 
graptus  and  Climacograptus)  pass  upwards  from  the  Arenig 
to  the  Upper  Llandeilo  horizon.  It  is  a  remarkable  fact  that 
Didymograptus  Murchisanif  which  is  the  zonal  form  'of  the 
Lower  Llandeilo  Rocks  of  Wales  and  other  regions,  has  not  been 
detected  throughout  the  length  and  breadth  of  the  Southern 
Uplands.  Its  absence,  however,  may  be  accounted  for  on  the 
supposition  that  the  Lower  Llandeilo  Rocks  are,  in  the  South  of 
Scotland,  represented  by  the  upper  part  of  the  zone  of 
radiolarian  chert,  which  intervenes  between  the  Middle  Arenig 
black  shales  and  the  Glenkiln  black  shales. 

The  zonal  graptolite  of  the  Glenkiln  Shales  is  Cosnograptus 
gracilis,  which  is  associated  with  the  following  genera :  Didymo- 
graptus,  2  species ;  Thamnograptus,  2 ;  Clathrograptus,  1 ;  Dicrano^ 
graptus,  7 ;  DiceUograpttis,  6 ;  Leptograpttis,  1 ;  Biplograptus,  6 ; 
Cryptograpius,  1 ;  GU)ssograpius,  1 :  Lasiograptus,  2 ;  Climacograptus, 
3 ;'  Corynoides,  2.    (Plate  XXVI.) 

The  number  of  genera  and  species  of  hingeless  brachiopods  is 
limited,  compared  with  those  occurring  in  the  mudstones 
which  immediately  overlie  the  Arenig  volcanic  rocks.  They  are 
restricted  to  the  genera  Acrotretay  Acrothele,  Siphxytwtreta,  and 
Dischm.  The  glass-rope  sponge  (Hyalostelia)  is  also  recorded  fi'om 
this  horizon. 

Conditions  of  Deposition. — In  Lower  Llandeilo 
time,  oceanic  conditions  prevailed  during  the  accumulation  of 
the  radiolarian  ooze  in  the  central  region,  save  at  certain 
localities  where,  owing  probably  to  the  elevation  of  the  sea-floor, 
the  area  of  deposition  was  brought  within  the  limit  of  terri- 
genous sedimentation.  In  Upper  Llandeilo  time,  the  sea-floor 
must  have  remained  for  a  long  interval  sufficiently  deep  and  far 
from  land  to  permit  the  fine  sediment  to  accumulate,  in  which 
the  graptolites  and  hingeless  brachiopods  were  entombed.  The 
zone  of  orange-coloured  mudstones  and  radiolarian  cherts 
indicates  a  recurrence  of  oceanic  conditions  with  clear  water, 
followed  by  the  deposition  of  fine  dark  mud  which  now  forms 
the  few  feet  of  black  shale  at  the  base  of  the  Hartfell  shales. 

NORTHERN   BELT. 

Rock  s. — The  Lower  Llandeilo  Rocks  are  here  represented,  as 
in  the  central  area,  by  the  upjjer  poiiion  of  the  zone  of  radio- 
larian chert,  which  intervenes  between  the  Arenig  volcanic 
rocks  and  the  Glenkiln  Shales  (Upper  Llandeilo).  In  a  few 
exceptional  localities  (Tannylaggie,  Glen  Trool,  Waterhead)  the 
cherts  are  apparently  intercalated  wdth  greywackes  in  such  a  way  as 
to  preclude  the  supposition  that  the  relationship  is  due  to  faulting. 
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In  the  case  of  the  Upper  Llaudeilo  gi*oup  there  is  conclusive 
evidence  of  the  gradiial  change  in  the  character  of  the 
sedimentation  as  we  pass  towards  the  northern  margin  of  the 
tableland  and  westwards  towards  Girvan.  Over  much  of  the 
area,  however,  the  Upper  Llandeilo  Bocks  are  represented  by 
black  shales  of  the  normal  Glenkiln  type  in  the  Mofiat  region. 
Indeed,  throughout  the  various  anticlines  of  the  Moffat  series, 
which  are  traceable  along  the  southern  portion  of  the  Northern 
Belt,  as,  for  example,  from  Morroch  Bay,  south  of  Portpatrick, 
north-eastwards  by  Olen  Trool,  Carsphaim,  and  Sanquhar,  thence 
by  the  Lead  Hills  and  Abington  to  the  Moorfoot  Hills  and  the 
northern  slopes  of  the  Lammermuirs,  there  is  little  variation  in 
the  lithological  characters  of  the  Upper  Llandeilo  Rocks.  They 
consist  of  a  mass  of  black  shales  with  thin  black  siliceous  nbs 
or  flinty  bands  from  one  to  several  inches  thick.  But  to  the 
north  of  this  limit  a  marked  change  is  observable.  For  instance, 
in  Cowie's  Linn  Bum,  north  of  Eddleston,  in  the  county  of 
Peebles,  the  strata  yielding  the  Glenkiln  fauna  (Upper 
Llandeilo)  no  longer  consist  of  a  solid  mass  of  black  shales,  but 
are  composed  either  of  dark  sandy  micaceous  shales  interleaved 
in  grey  shales,  or  of  dark  rusty  bands  embedded  in  green  and 
grey  mudstones. 

Similar  modifications  are  observable  along  the  margin  of  the 
tableland  from  Leadbum  to  the  valley  of  the  Clyde  north  of 
Abington,  where,  in  some  instances,  the  black  shales  disappear 
altogether  and  sediments  of  a  different  type  rest  directly  on  the 
radiolarian  cherts.  One  example  may  be  quoted  to  show  how 
rapidly  the  change  takes  place  within  a  short  horizontal 
distance.  In  the  Wandel  Water,  north-east  of  Abington,  below 
Birnock  shepherd's  house,  black  shales  of  the  normal  Moffat 
type  appear,  with  the  characteristic  Glenkiln  fauna,  while  about 
two  miles  across  the  strike,  in  the  River  Clyde  near  Wandel 
Mill,  the  same  fossils  occur  in  dark  films  in  sandy  shales  and 
greywackes.  Again,  in  the  Fingland  Bum — ^a  tributary  of  the 
Spango  Water,  north-east  of  the  Sanquhar  coal-field — the  Glen- 
kiln &una  appears  in  dark  seams,  from  one-tenth  of  an  inch  to  an 
inch  thick,  interleaved  in  sandy  shales. 

Grossing  the  Nith  and  proceeding  along  the  noi-them  border 
of  the  tableland,  we  find  similar  phenomena,  as,  for  instance,  at 
Craiglure  Lodge,  near  the  head  waters  of  the  River  Girvan, 
where  the  characteristic  Glenkiln  fossils  can  be  obtained  from 
minute  dark  seams  in  sandy  shales,  embedded  in  massive  grey- 
wackes and  grits. 

In  the  south-western  portion  of  the  Northern  Belt,  in  the 
neighbourhood  of  New  Luce  and  Loch  Ryan,  the  change  in  the 
character  of  the  sedimentation  of  the  Upper  Llandeuo  Rocks 
extends  much  further  south  than  in  the  districts  just  referred 
to.  Indeed,  it  is  clearly  recognisable  in  the  Main  Water  of 
Luce,  about  two  miles  north  of  New  Luce,  where,  at  the  south 
end  of  an  important  section,  the  Glenkiln  fossils  occur  in  massive, 
flaggy  black    shales,   while    at    the    north    end    of   the    same 
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section  they  appear  iu  minute  streaks  of  blue- black  shales 
embedded  in  grey  shales.  Still  further  north,  in  the  Cairn 
Ryan  slate  quarries,  on  the  east  side  of  Loch  Ryan,  at  the  mouth 
of  Glen  App,  and  in  the  neighbourhood  of  BarrhilL  a  character- 
istic assemblage  of  Glenkiln  fossils  has  been  collected  from  thin 
dark  carbonaceous  seams  or  films,  interleaved  in  grey  and  blue 
shales  and  slates,  the  latter  being  associated  with  greywackes. 

It  is  obvious,  therefore,  that  some  of  the  coarser  sediments 
(shales,  flagstones,  greywackes,  and  grits)  which  replace  the 
Glenkiln  black  shales  in  the  Northern  Belt  must  be  of  Upper 
Llandeilo  age.  Indeed,  one  of  the  difficulties  resulting  from  the 
lateral  variation  in  the  phase  of  sedimentation  in  this  northern 
area  is  that  of  fixing  the  upper  limit  of  the  coarser  sediments  of 
Llandeilo  age,  for  many  of  these  unfossiliferous  Llandeilo  grits 
are  lithologically  indistinguishable  from  certain  grits  which  ai*e 
believed  to  be  Caradoc. 

Some  of  the  pebbly  grits  along  the  northern  margin  of  the 
tableland  are  probably  Upper  Llandeilo,  and  the  coarse 
conglomerate  of  Oorsewall  Point  west  of  Loch  Ryan,  which  is 
believed  to  be  on  the  horizon  of  the  Benan  conglomerate  of 
the  Girvan  district,  may  belong  to  the  close  of  Upper  Llandeilo 
time. 

Some  of  the  volcanic  rocks  in  the  Bail  Hill  ai'ea,  near 
Sanquhar,  may  be  of  Upper  Llandeilo  age. 

Fossils. — All  the  characteristic  graptolites  of  the  Glenkiln 
Shales  (Upper  Llandeilo)  of  the  Mofiat  region  have  been 
recorded  from  the  black  shales  occupying  a  similar  horizon  in 
the  Northern  Belt.  And  even  where  these  strata  are  replaced  , 
by  coarser  sediments,  many,  if  not  most,  of  the  characteristic 
Glenkiln  forms  occur  in  the  thin  films  interleaved  in  the  grey 
shales  and  greywackes.  It  is  interesting  to  observe  that  in 
addition  to  these  forms,  Loganograptus  Logani,  a  graptolite 
which  elsewhere  occurs  in  Arenig  Rocks,  together  with  Dendro- 
(jraptus,  appears  in  the  Abington  and  Leadhills  region  in  black 
shales  of  Upper  Llandeilo  age.  The  graptolites  are  associated 
with  some  of  the  genera  of  hingeless  brachiopods  found  in  the 
Glenkiln  Shales  of  the  Central  Belt. 

Conditions  of  Depositio n. — The  black  shales  point  to 
conditions  of  deposition  near  the  verge  of  sedimentation,  but 
the  gradual  replacement  of  these  fine  sediments  by  coarser 
deposits  as  we  proceed  noi-th wards  clearly  indicates  that  the  land 
surface  fi-om  which  these  materials  were  derived  lay  to  the 
north-west  of  the  Silurian  sea. 

GIRVAN    AREA. 

Rocks. — As  iu  other  districts  of  the  Southern  Uplands,  the 
Lower  Llandeilo  Rocks  are  here  represented  by  radiolarian 
cherts  and  mudstones,  being  the  upper  portion  of  the  zone  which 
overlies  the  black  shales  of  Middle  Arenig  age.  In  one  impor- 
tant section  on  the  shore  near  Poi-t-CuiTarie,  between  the  River 
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Stinchar  and  Glen  App,  the  radiolarian  cherts  and  mudstones 
are  overlain  by  volcanic  agglomerate  and  tuff,  the  latter  being 
immediately  followed  by  mudstones  yielding  a  characteristic 
assemblage  of  Glenkiln  fossils  (Upper  Llandeilo).  It  is  obvious, 
therefore,  that  volcanic  action  must  have  here  continued  locally 
into  Lower  Llandeilo  time. 

In  dealing  with  the  Upper  Llandeilo  Rocks  of  the  Girvan  area, 
we  must  clearly  distinguish  between  the  district  lying  to  the 
south  of  the  River  Stinchar,  where  there  is  a  periect  passage 
from  the  Arenig  lavas  and  tuffs  to  certain  mudstones  and  other 
sediments  which  yield  many  of  the  characteristic  Glenkiln 
fossils  (Upper  Llandeilo),  ani  the  district  to  the  north  of  the 
Stinchar,  where  there  is  a  marked  unconformability,- separating 
the  Arenig  volcanic  rocks  and  radiolarian  cherts  from  the 
overlying  sedimentary  series  of  Girvan.  From  a  consideration 
of  the  paleeontological  evidence  it  is  highly  probable  that  this 
break  in  the  continuity  of  the  geological  record  north  of  the 
Stinchar  valley  took  place  in  Upper  Llandeilo  time. 

Taking  first  the  Upper  Llandeilo  sediments  south  of  the 
Stinchar  valley,  we  find  them  to  consist  of  green,  grey,  and 
blue- black  fossiliferous  mudstones  (Currarie,  Portandea)  followed 
by  green  and  grey  mudstones,  shales,  and  friable  greywackes, 
the  latter  being  largely  derived  from  the  disintegration  of 
volcanic  and  plutonic  rocks  (the  Tapping  group).  In  the  pebbly 
grits  associated  with  the  "Tapping  beds,"  there  are  small  fragments 
of  radiolarian  chert  and  volcanic  ixx^ks.  In  like  manner  the 
Glen  App  conglomerate,  which  a])pears  to  be  intercalated  in  the 
higher  part  of  the  same  series,  presents  an  assemblage  of  pebbles, 
almost  identical  with  those  met  with  in  the  Benan  conglomerate 
to  be  referred  to  presently.  Indeed,  these  coarse  boulder-beds 
of  Corsewall  Point,  Glen  App,  and  Benan,  north  of  the  Stinchar, 
are  all  believed  to  occupy  much  the  same  horizon. 

Xorth  of  the  Stinchar  valley  there  is  a  vast  difference  in  the 
character  of  the  Upper  Llandeilo  Rocks,  owing  to  the  presence 
of  the  prominent  discordance  to  which  allusion  has  just  been 
made.  Beneath  the  unconformable  series  no  fossiliferous 
representatives  of  the  Glenkiln  Shales  have  as  yet  been  detected. 
It  is  true  that  near  Bennane  Head  certain  green  and  grey 
mudstones  and  greywackes  overlie  the  radiolarian  cherts  (Arenig 
and  Lower  Llandeilo),  but  they  have  hitherto  proved  unfossiliferous. 

Those  members  of  the  unconformable  series  which  are  here 
regarded  as  of  Upper  Llandeilo  age  are,  in  ascending  order,  (a) 
Kirkland  conglomerate  and  sandstones,  (h)  Stinchar  limestone, 
(c)  Graptolitic  mudstones,  (d)  Benan  conglomerate  ;  which  not 
only  rest  unconformably  on  the  folded  and  highly  denuded 
suriFaces  of  the  Arenig  volcanic  and  plutonic  rocks,  the  Arenig 
black  shales  and  radiolarian  cherts,  but  likewise  contain  well- 
rounded  pebbles  and  fragments  of  these  very  materials. 

Fossils. — The  fossils  occurring  in  the  mudstones,  of  Upper 
Llandeilo  age,  which  overlie  the  Arenig  volcanic  rocks  and  cherts 
south  of  the  valley  of  the  Stinchar  (Portandea,  Currarie)  consist 
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mainly  of  graptolites,  with  a  marked  Glenkiln  facies,  such  as 
Didymograptus  superstes,  Ctenogrcuptus  pei'tenuis,  Dicranograptus 
minimus,  CliTnacograpUis  coelatv^.  Special  interest,  however, 
attaches  to  this  horizon  from  the  abundance  of  specimens  of 
Dendrograptus  gracilis  in  the  section  600  yards  north  of  Port- 
Currarie  (see  page  429),  where,  in  addition  to  the  characteristic 
Glenkiln  forms,  this  species  is  associated  with  a  Callograptiis  like 
C  SaUeri  and  a  Didgmograptus  like  D.  ecctrensus,  Hingeless 
brachiopods,  including  the  forms  in  the  Glenkiln  shales  of  the 
Central  Belt,  together  with  the  genera  Siphonoireta  and  Knforgina, 
are  likewise  found  in  these  mudstones. 

In  the  Upper  Llandeilo  Kocks  on  the  north  side  of  the 
Stinchar  valley  the  marked  change  in  the  lithology  of  the  strata  is 
accompanied  by  a  no  less  conspicuous  change  in  the  &cies  of  the 
fossils.  Here  for  the  first  time  we  find,  as  in  the  case  of  the 
Stinchar  Limestone,  a  prolific  assemblage  of  calcareous 
organisms,  indicating  an  entire  difference  in  the  character  of  the 
sedimentation. 

A  conspicuous  feature  of  the  limestone  is  the  abundance  of 
those  organisms  forming  irregular  nodules,  with  concentric 
structure,  named  Girvandla,  which  are  now  believed  to  have 
affinities  with  the  calcareous  Algae.  In  certain  bands 
Foraminifera  enter  largely  into  the  composition  of  the  lime- 
stonCi  the  forms  all  belonging  to  one  species,  viz. :  Saccamina 
Carteriy  which  is  likewise  found  in  abundance  in  some  of  the 
Scottish  Carboniferous  limestones.J^J  Corals  are  in  great  pro- 
fusion in  some  of  the  limestone  exposures,  as  at  Craighead. 
No  fewer  than  seventeen  genera  have  been  recorded  from  all 
the  outcrops  of  this  bana  in  the  Girvan  region,  including 
Choetetes,  Favosites,  Halysit^y  Lijidsfrdmiaf  StreptekLsm^ij  Sfenopora, 
Tetradium,  &c. 

In  the  Monograph  on  the  Silurian  Fossils  of  Girvan  (page  94). 
Professor  Nicholson  states  that  "  lA/o))ora  favosa,  Tetradium  Peachi, 
Pra^opora  Qrayce,  Streptelasma  Craigense,  8,  Europceum,  S.  a^gre- 
gatum,  and  lAndstromia  svhduplicata  are  the  common  forms  of  the 
Craighead  Limestone,  and,  with  the  exception  of  the  last,  they  are 
not  known  to  occur  elsewhere  in  Britain."  Since  the  publication 
of  this  work,  I/yopora  favosa  has  been  recorded  from  the  Kilbucho 
gi'it  and  Lindstromia  svhduplicata  from  the  beds  at  Wallace's  Cast 
and  Kilbucho.  Judging  only  from  the  corals.  Professor  Nicholson 
inferi'ed  that  the  Craighead  Limestone  "  occupies  a  tolerably  low 
position  in  the  Lower  Silurian  series,  corresponding  perhaps  with 
the  upper  part  of  the  Trenton  Limestone,  or  the  base  of  the 
Cincinnati  and  Hudson  River  formations  of  North  America." 

The  echinoderms  are  poorly  developed  in  these  Upper  Llandeilo 
limestones,  the  only  prominent  form  being  Glyptocrinus.  The 
arthropods,  on  the  other  hand,  are  found  in  abundance ;  the 
cirripedes  being  represented  by  Turrilepas,  the  ostracods  by  the 
genera  Cythere  and  Primitia,  while  no  fewer  than  fourteen  genera 
of  trilobites   have   been   obtained   fix)m   this   horizon,   including 
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Ampyx,  1  species ;  Calymeiie,  1 ;  AsapkuSf  2 ;  f  'heiriu'us.  2 : 
Ulcenus,  4 ;  Eucrinurus,  1 ;  Pluicaps,  1 ;  Bemopleundetfj  4  ;  &c. 

The  calcareous  brachiopods,  which  likewise  occur  in  profusion 
in  the  limestone  zones,  comprise  seven  genera,  including  Ijeptasna, 
9  species ;  MerisieUa,  1 ;  Orthis,  1 5 ;  Sirophome^ia,  9 ;  JRhynchonellay 
11.  The  lamellibranchs  number  three  genera,  viz. :  Amhonychia, 
2  species;  Ortlunwta,  1;  PleurorhynchtiSf  1.  The  gasteropods 
comprise  thirteen  genera,  including  Maclurea,  5  species  ;  Ophikta, 
1 ;  Murchisonia,  5 ;  Phurotomaria,  2.  The  eephalopods  are  repre- 
sented by  three  genera,  viz. :  CA/rtoceras,  2  species  ;  Orthocet-as,  3 ; 
Troeliolites,  1. 

Besides  other  forms  of  calcareous  organisms,  a  few  genera  of 
homy  brachiopods  likewise  occur,  but  chiefly  in  the  graptolitic 
mudstones  overlying  the  limestone,  viz. :  Acroireta,  1  species ; 
Crania,  2 ;  Discina ;  lAngula,  5 ;  Siphonotreta,  3.  These  are 
associated  with  several  genera  of  gi*aptolites ;  some  of  the  forms 
(Didymograptus  auperstes,  Diplograpttts  euglyphus,  and  Clathrograpius 
cuneiformis)  having  a  marked  Glenkiln  facies,  while  others  are 
common  both  to  the  Glenkiln  and  Hartfell  groups  of  the  Moffat 
region.  Professor  Lapworth  has  called  attention  to  the  bearing  of 
this  evidence  on  the  horizon  of  the  Stinchar  and  Craighead  Lime- 
stone. While  agreeing  with  him  in  regarding  it  as  of  Upper 
Llandeilo  age,  we  are  inclined  to  believe  that  it  may  belong  to  the 
close  of  that  division  of  the  Silurian  system  ;  for  though  some  of 
the  corals  and  some  of  the  genera  of  the  gasteropods  {Maclureay 
Ophileta)  have  a  Llandeilo  facies,  the  other  groups  [of  organisms 
have  a  marked  Caradoc  character. 

Conditions  of  Depositio n. — While  the  deposits  to  the 
south  of  the  River  Stinchar  imply  continuous  sedimentation  in 
Upper  Llandeilo  time,  the  conditions  seem  to  have  been  on  the 
whole  unfavourable  for  the  development  and  preservation  of 
life.  The  lithological  cliaracters  of  the  "Tappins  beds"  and  of  the 
Glen  App  conglomerate  point  to  the  erosion  of  Arenig  igneous 
rocks  at  no  great  distance. 

On  the  other  hand,  the  evidence  obtained  from  the  north  side 
of  the  Stinchar  points  to  considerable  disturbance  and  elevation 
of  that  area,  whereby  the  cherts  and  any  overlying  sediments 
were  removed  by  denudation,  and  the  volcanic  and  plutonic 
rocks  were  laid  bare.  The  coarse  conglomerates  (Kirkland  and 
Benan)  represent  the  shore  deposits  which  accumulated  round 
that  ancient  volcanic  bank  as  it  slowly  subsided,  while  the 
limestones  reveal  to  us  the  calcareous  organic  sediment  furnished 
by  a  rich  and  varied  fauna  that  flourished  near  the  margin  of  the 
Silurian  sea. 

OA&ADOO. 

CENTRAL   BELT. 

Bock  8. — The  Hartfell  Shales,  which  in  the  Central  Belt 
represent  the  Caradoc  Rocks  of  Wales,  may  be  grouped  in  two 
suD-divinions,     each     characterised     by     distinct    lithological 
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characters :  (a)  a  lower  tolei-ably  solid  mass  of  slaty  black  shales 
with  thin  intercalations  of  pale  mudstones,  (b)  an  upper  group 
of  fine  mudstones  (Barren  Mudstones),  containing  thin  ribs  of 
limestone  and  chert,  nodules  of  ironstone  and  manganese,  and 
two  or  more  thin  seams  of  black  shale.  In  the  Hartfell  section 
thin  seams  of  tuff  are  interleaved  in  the  black  shales  of  the  lower 
group,  and  a  band  of  volcanic  breccia  is  met  with  in  the  mud- 
stones of  the  overlying  group. 

Though  the  foregoing  sub-divisions  of  the  Hartfell  Shales 
generally  preserve  their  lithological  characters  throughout  the 
various  anticlines  of  the  MoflPat  series,  still,  in  one  section 
(Ettrickbridge-end),  coarse  grits  appear  near  the  top  of  the 
Barren  Mudstones. 

Fossil  s. — ^As  in  the  black  shales  of  the  underlying  Glenkiln 
division,  graptolites  form  the  distinctive  group  of  organisms 
in  the  black  shales  of  the  Hartfell  series.  Professor  Lapworth 
states  that,  while  there  is  no  actual  palseontological  break 
between  the  Glenkiln  and  Hartfell  divisions,*  "the  fossils 
of  the  lower  division  die  out  one  bv  one  as  we  ascend  the 
succession,  and  are  as  gradually  replaced  by  others  till  the 
change  of  fauna  is  complete.  Thus,  although  the  two  successive 
faunas  are  linked  togetner  by  a  lai^e  community  of  genera  and 
species,  yet,  on  the  other  hand,  the  tjrpical  beds  of  the  two 
formations  have  scarcely  a  single  fossil  in  common.  At  the 
summit  of  the  Hartfell  Shales,  on  the  contrary,  the  paleeonto- 
logical  break  is  almost  complete 

"  There  is  an  extraordinary  mortality  among  the  graptolites  in 
this  division.  Not  only  do  the  peculiar  types  Plrurograptus  and 
Amphigrapius  arise,  culminate,  and  decay  within  the  formation 
itself,  but  Bicelloqraphis,  BicranoffraptuSj  Lasioijraptus,  Glosso- 
graptus,  and  Ijcptograptus — sur^nvors  from  the  Glenkiln  Shales — 
all  become  extinct  before  we  reach  the  highest  beds.  The  allied 
genera  Clim-acograjdus  and  Biplograptus  are  all  that  remain  to  link 
on  the  richly  varied  forms  of  the  Glenkiln  beds  to  the  highly 
prolific  but  monotonous  fauna  of  the  Birkhill  Shales."  The  zonal 
gi*aptolite  forms  of  the  Hartfell  strata  are  as  follows,  in  descending 
order : — 

Upper  Group. 

DiceUograpin^  nnceps  in  thin  black  shale  seam  near  top 

of  Barren  Mudstones. 
complanatus     in  thin  black  shale  seam  near  base 

of  Barren  Mudstones. 


Lower  Group. 
Pleurograptiui  lineai 

Dicraiiograptus  Clingani       J- in  Hartfell  black  shales. 
Oli'nm4:og-raptus 


inearis  \ 

I  Clingani       >i] 
Wilson  i       J 


The  Lower  Hartfell  fauna  is  farther  characterised  by  the  great 
abundance  on  different  horizons  of  the  genera  BicelhgrapUis, 
Dicrmioyrapttis,  THphcjraptm,  Pleurograptus,  and  Corijnoides.      In 
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the  case  of  DiceUograptus,  for  example — a  survivor  from  the  &len- 
kfln  fauna — where  it  has  a  restricted  devdopment,  Professdt 
Lapworth  truly  says  that  in  one  zone  of  the  Hartfell  Shales  "  its 
individuals  swarm  in  countless  multitudes."    (Plate  XXVil.) 

The  rare  form  Butliograptus  loams  is  confined  to  the  0x70000- 
graptus  Wilsoni  zone  in  the  MoflFat  region,  where  it  is  associated 
with  numerous  representatives  of  the  glass-rope  sponge,  nyahstelia. 

Two  genera  of  hingeless  brachiopods — viz.,  Acroi/reta  and 
Sipho7wtreta — are  of  common  occurrence  in  the  Hartfell  division. 

Conditions  of  Deposition. — ^In  Lower  Caradoc  time 
the  sea-floor  throughout  the  central  region  must  have  remained 
at  a  sufficient  deptn  and  far  enough  from  land  to  permit  the  fine 
sediment  to  accumulate  in  which  the  graptolites  were  entombed. 

In  Upper  Caradoc  time  the  phase  of  sedimentation  implied 
by  the  Barren  Mudstones  probably  points  to  a  further 
depression  of  the  sea-floor  of  the  central  region.  For  the 
physical  conditions,  including  distance  from  land  and  depth  of 
ocean,  were  probably  intermediate  between  those  which 
characterised  the  deposition  of  the  black  shales  on  the  one  hand 
and  the  radiolarian  ooze  on  the  other. 

The  thin  seams  of  tuff  and  volcanic  breccia  likewise  indicate 
s])oradic  outbursts  of  volcanic  activity  over  the  Central  Belt. 

NORTHERN   BELT. 

In  this  portion  of  the  tableland  there  is  conclusive  evidence 
of  the  lateral  variation  in  the  character  of  the  Caradoc  strata  as 
they  are  traced  northwards  towards  its  margin  and  westwards 
to  Girvan. 

Rocks. — Taking  first  the  mass  of  black  shales  which  in  the 
Central  Belt  form  the  lower  sub-division  of  the  Hartfell  group, 
we  find  it  repeated  in  many  of  the  anticlines  of  the  Moffat  series, 
along  the  southern  portion  of  the  Northern  Belt,  where  it 
presents  the  normal  lithological  and  palaBontological  features 
which  have  just  been  described.  For  example,  in  the  sections 
in  Morroch  Bay,  south  of  Portpatrick,  in  the  Scar  Water  and 
some  of  its  tributaries  which  flow  into  the  Nith,  and  again  at 
the  Friar's  Nose  on  the  slopes  of  the  Lammermuirs,  the  Hartfell 
black  shales  possess  their  distinctive  Kthological  characters  and 
yield  many  oi  the  zonal  forms  which  occur  in  the  Central  Belt 
But  as  they  are  followed  northwards  the  black  shales  are 
gradually  replaced  by  coarser  sediments,  and  the  characteristic 
graptolites  appear,  either  in  thin  black  seams  interleaved  in 
flaggy  shales  or  in  dark  sandy  shales.  Indeed,  the  lateral 
variation  in  the  lithological  characters  of  the  Hartfell  black 
shales  in  the  Northern  Belt  is  merely  the  counterpart  of  that 
presented  by  the  Qlenldln  Shales,  with  this  slight  difference, 
that  the  change  in  the  character  of  the  sedimentation  extends 
much  further  south  in  the  case  of  the  Hartfell  black  shales. 

Various  examples  might  be  quoted  for  the  purpose  of 
illustrating  this  striking  modification  of  the  Hartfell  black 
shales,  but  one  or  two  may  suffice.     In  the  case  of  the  black 
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shale  band  which  stretches  from  Bummouth  on  the  Nith  to 
Dalshangan  on  the  River  Deugh,  the  lithological  and  palseonto- 
logical  features  of  the  Dicranograptus  Clingani  zone  of  the 
Hartfell  -Shales  are  admirably  represented,  but  when  traced 
northwards  to  the  Polmorlach  and  Polhote  Bums,  within  two 
miles  of  the  margin  of  the  tableland  at  New  Cumnock,  this  band 
with  its  zonal  forms  is  found  to  have  disappeared.  Thin  black 
seams  are  there  seen  to  be  interleaved  in  blue  and  grey  shales, 
which  are  charged  with  forms  characteristic  of  the  passage  zone 
between  the  Glenkiln  and  Hartfell  groups.  (See  page  369.) 
Confirmatory  evidence  of  this  change  in  the  sedimentation, 
within  a  short  horizontal  distance,  is  to  be  found  in  the 
Glencaple  Bum,  south-west  of  Abington.  (See  page  289.)  In 
like  manner,  in  the  Polcraig  Bum,  Meikle  Carco,  a  character- 
istic Lower  Hartfell  form,  Climacograptus  caudatus,  with  many 
of  its  associates,  is  found  in  brown  sandy  shales. 

The  coarse  sediments  which  gradually  replace  the  Hartfell 
black  shales  in  certain  areas  of  the  Northern  Belt,  and  which 
may,  in  all  probability,  be  regarded  as  their  stratigraphical 
equivalents,  are  here  given  in  ascending  order :  1,  dark  micaceous 
shales,  with  black  seams  yielding  graptolites,  which  frequently 
decompose  into  a  yellowish  brown  ochreous  clay ;  2,  grey  grey- 
wackes,  grits,  and  conglomerates,  with  limestone  nodules  and 
calcareous  shales,  which  at  certain  localities  in  the  Leadhills, 
Abington,  and  Broughton  districts  (Duntercleuch,  Snar, 
Wallace's  Cast,  Kilbucho)  are  highly  fossiliferous. 

Frequently  these  sediments  merge  into  coarse  conglomerates, 
as,  for  instance,  in  the  Shinnel  and  Chanlock  Waters,  north  of 
Moniaive,  on  the  hills  near  Carsphaim,  and  in  the  basin  of  the 
Afton  Water,  where  the  pebbles  consist  of  acid  and  basic 
plutonic  rocks,  vesicular  diabase-lava,  radiolarian  chert,  blue 
and  grey  greywacke,  grey  shale,  black  shale  with  graptolites, 
quartzite  from  the  Highlands,  and  other  ingredients. 

In  certain  districts  of  the  Northern  Belt,  especially  in  the 
tract  between  Nithsdale  and  the  valley  of  the  Clyde  at  Abington, 
there  is  evidence  of  local  elevation  and  erosion  of  the  Arenig 
and  Llandeilo  Rocks.  Various  examples  are  given  in  the  section 
of  this  memoir  descriptive  of  the  foregoing  area,  but  one  may 
here  be  quoted  to  show  the  nature  of  the  evidence.  In  the 
Glenaylmer  Burn,  near  the  northern  margin  of  the  tableland, 
north  of  Sanquhar,  there  is  an  excellent  section,  showing  the 
Arenig  cherts  with  radiolaria  covered  unconformably  by  breccia 
and  conglomerate,  passing  upwards  into  greywackes  and  shales. 
The  basal  breccia  contains  angular  fragments  of  chert  and  black 
and  grey  shale,  while  the  overlying  conglomerate  includes 
pebbles  of  greywacke,  the  largest  of  which  measure  nine  inches 
in  diameter.  There  can  be  no  doubt  that  these  materials  are  of 
local  origin,  and  it  is  highly  probable  that  this  local  elevation 
and  erosion  took  place  towards  the  close  of  Llandeilo  time. 

Along  the  northern  margin  of  the  tableland,  from  Loch  Doon 
north-eastwards  by  Kirkconnel,  Crawfordjohn,  and  the  Culter 
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Water  to  Leadbum,  there  is  a  remarkable  pebbly  grit  or  fine 
conglomerate  whicb  is  locally  known  as  the  "Haggis  Rock." 
Its  distinctive  character  is  due  to  the  presence  of  small  frag- 
ments of  red,  green,  and  grey  radiolanan  cherts,  and  Arenig 
volcanic  and  plutonic  rocks,  while  the  matrix  has  been  mainly 
derived  from  the  disintegration  of  these  igneous  materials.  The 
precise  stratigraphical  horizon  of  this  band  is  not  quite  clear,  for 
in  that  northern  region  the  Hartfell  black  sliales  have 
disappeared,  and  even  the  Glenkiln  black  shales  have  been  so 
modified  that  their  characteristic  forms  are  found  in  thin  blue- 
black  films  interleaved  in  other  sediments.  In  some  instances, 
as,  for  example,  near  Fingland,  between  the  Spango  granite 
mass  and  Kirkconnel,  the  "Haggis  Rock"  overlies  sediments 
vielding  Glenkiln  fossils  (Upper  Llandeilo) ;  in  others,  no  Glen- 
kiln graptolites  have  been  obfained  from  the  strata  which 
intervene  between  this  band  and  the  radiolarian  cherts.  While 
in  many  of  the  horizontal  sections  in  this  volume  the  "  Haggis 
Rock  "  of  this  northern  region  is  represented  as  of  Caradoc  age, 
it  is  highly  probable  that  bands  of  a  similar  petrological  type 
may  belong  to  a  lower  stratigraphical  horizon. 

In  certain  isolated  sections  in  the  Leadhills  area  and  in  the 
district  south-west  of  Sanquhar  (Craig  North,  Kiln  Bum,  Nether 
Whitecleuch,  Shields  Bum,  Glengap  Bum,  Polmorlach  Bum), 
diabase-lavas  and  andesitic  tuffs  appear  at  or  near  the  base  of 
the  Caradoc  Rocks. 

The  upper  division  of  the  Caradoc  Rocks  of  the  Northern  Belt 
indicates  a  great  variation  from  the  lithological  type  of  the 
Barren  Mudstones  of  the  central  Moffat  region,  for  they  consist 
of  grey  and  blue  micaceous  shales  weathering  with  a  buff  colour 
(Lowther  Shales),  blue  and  grey  slates  (Stobo  Slates),  with 
occasional  greywackes  and  grits.  A  notable  feature  of  this 
sub-division  is  the  occurrence  of  limestone  nodules  in  the  shales, 
which  sometimes  coalesce  so  as  to  form  a  continuous  band  and 
sometimes  swell  out  locally  into  lenticular  masses  of  limestone, 
as  at  Wrae  and  Glencotho,  the  latter  yielding  a  considerable 
suite  of  fossils.  These  are  associated  with  calcareoTis  grits  which 
yield  a  similar  assemblage  of  organic  remains. 

Perhaps  one  of  the  most  striking  features  of  the  Upper 
Caradoc  Rocks  of  the  Northern  Belt  is  the  occurrence  of  con- 
temporaneous lavas  and  tuffs  with  the  limestone  and  calcareous 
grits  at  Wrae,  Glencotho,  Hamilton  Hill,  and  Winkston  in  the 
county  of  Peebles.  Mr.  Teall  has  shown  that  the  lavas  are  of 
different  petrographical  types  from  those  of  Arenig  age  in  the 
Southern  Uplands,  since  they  consist  of  soda-felsites  or 
keratophyres  and  perlitic  felsites.  The  development  of  these 
volcanic  rocks  is,  however,  merely  local:  at  least  they  are 
traceable  only  over  a  very  limited  area.  Their  horizon  is 
defined  by  the  occurrence  of  Caradoc  fossils  in  the  calcareous 
tuff  associated  with  the  limestone,  just  as  organic  remains  are 
embedded  in  the  volcanic  ash  of  Caradoc  age  on  Snowdon.  North 
Wales 


52  The  SUicrian  Socks  of  Scotland. 

Fossil  8. — The  Lower  Hartf  ell  black  shales  of  the  Northern 
Belt  yield  nearly  all  the  characteristic  graptolite"^  and  hingeless 
bracluopods  which  have  been  found  in  the  same  sub-division 
in  the  central  region.  Two  zonal  forms,  however,  have  not  been 
recorded,  so  far  as  we  know,  from  any  portion  of  the  Northern 
Belt,  viz. ;  Climacograptus  Wilsoniy  which  •  characterises  the 
lowest  sub-zone  of  the  Hartfell  black  shales,  and  Dicdlograptus 
anceps,  which  is  the^  distinctive  form  of  the  black  shale  seam 
near  the  top  of  the  Barren  Mudstones,  in  the  Moffat  region. 
Where  the  olack  shales  disappear  and  ai*e  replaced  by  coarser 
sediments  (shales  and  flagstones)  with  tliin  dark  seams  or  films 
containing  graptolites,  common  to  the  Hartfell  and  Glenkiln 
divisions,  considerable  difficulty  has  been  experienced  in  fixing 
the  horizon  of  the  latter  strata.  Indeed,  in  some  instances,  as, 
for  example,  in  that  of  the  Dally  Shales  in  Dounan  Bay,  south 
of  Corsewall  Lighthouse,  Wigtownshire,  which  yield  the  following 
forms  :  Diplograptus  foliaceus,  D,  euglyphus,  Climacograpttis 
Schdrenbergi,  C.  hicornis,  Dicranograpitis  ramosus,  DiceUograpttis 
sextans,  D.  divaricatus,  the  stratigraphical  horizon  of  the  strata  is 
not  quite  clear.  Provisionally,  they  are  regarded  as  the  passage 
beds  between  the  Llandeilo  and  Caradoc  groups,  but  further 
careful  searching  of  the  fossiliferous  seams  will  doubtless  throw 
light  on  this  question. 

In  addition  to  the  foregoing  types  of  life,  calcareous  organisms 
occur  in  considerable  abundance  in  the  coarser  sediments,  which 
accumulated  round  the  areas  of  local  elevation  and  erosion,  as, 
for  example,  in  the  Leadhills  and  Abington  districts.  An 
analysis  of  the  lists  of  foSvsils  collected  from  various  exposures 
of  grit  and  conglomerate  at  Kilbucho,  Wallace's  Cast,  and  in 
the  Leadhills  region,  reveals  the  following  results.  Corals  are 
represented  by  eleven  genera,  including  Alveolites ;  Favosites,  4 
species ;  Lindstromia,  3 ;  Petraia,  3  ;  Tetradium,  2  ;  Helioliies,  1. 
There  are  four  genera  of  polyzoa,  comprising  PtUodiciya,  FenesteUa, 
Ceriopora,  Trilobites  number  six  genera,  viz.  :  Calymene,  1  ; 
CheiiniruSy  2 ;  lihenus,  1  ;  Phacops,  3 ;  RemopUurideSy  3 ;  Tri- 
nuchus,  1.     (For  complete  lists  see  pp.  225,  243,  324.) 

The  calcareous  brachiopods  are  represented  by  six  genera, 
including  Leptoena,  5  species;  Orthis,  13;  RhynchoTiella,  4; 
Strophomena,  8 — all  of  which  have  a  marked  Caradoc  facies. 
Indeed,  in  the  "  Supplement  to  the  British  Silurian  Brachiopoda," 
page  229,  Mr.  Davidson  refers  the  strata  yielding  brachiopods 
from  these  localities  to  the  Caradoc  group.  The  lamellibranchs 
number  three  genera,  viz. :  Ctenodonta,  2  species ;  Modiolopsis,  2  : 
&c. ;  while  the  gasteropods  comprise  no  fewer  than  twelve  genera, 
including  Bellerophon,  4  species ;  Chehdes,  1  ;  Cyclonema,  1 ; 
Maci^ocheilus,  1 ;  Murchisoniay  3 ;  Ophileta,  1 ;  Pleurotomaria,  3. 
The  cephalopods  are  represented  by  two  genera,  viz. :  Cyrtoceras, 
1  species,  and  Orthoceras,  1. 

The  organic  remains  obtained  from  the  limestones,  calcareous 
grits,  and  volcanic  tuff  at  Wrae,  Glencotho,  Winkston,  and 
Hamilton  Hill,  which  are  referred  to  Upper  Caradoc  time,  have 


Otnerai  Description — Stratigraphy.  53 

a  common  general  character,  and  belong,  without  doubt,  to  one 
horizon.  The  crinoida  are  represented  by  GlyptocriniLS,  the 
cirripedes  by  Turrilepas ;  while  the  trilobites  number  several  genera, 
including  Cheirurus,  3  species ;  Harpea,  1  ;  Illcenus,  3 ;  Fkacops, 
1.  No  fewer  than  eleven  genera  of  brachiopods  have  been  obtained 
from  this  horizon,  among  which  occur  LepUoia,  3  species ;  Orthis, 
6 ;  Bhtfihchonella^  1 ;  iSirophomeiui,  3.  Only  one  genus  of  lamelli- 
branchs  has  hitherto  been  recorded  from  this  horizon  (firthanota) ; 
four  genera  of  gasteropoda  have  been  obtained,  among  which  occur 
Gyclonemay  Euompkabis,  Holopea ;  and  four  genera  of  cephalopods. 

Conditions  of  Deposition. — The  lower  Hartfell  black 
shales,  which  extend  over  a  portion  of  tne  2sorthem  Belt,  point 
to  the  accumulation  of  fine  mud  near  the  verge  of  sedimentation 
— conditions  similar  to  those  which  prevailed  throughout  the 
Central  Moffat  area  during  this  period.  But  there  is  also 
conclusive  evidence  of  the  transport  of  coai*se  sediment  from  the 
ancient  land  area  which  lay  to  the  north-west  of  the  Silurian 
sea,  whereby  each  successive  sub-division  of  the  Hartfell  group 
of  the  Moffat  region  was  modified  in  turn.  It  is  a  remarkable 
fact  that  the  change  in  the  character  of  the  sedimentation  residt- 
ing  from  the  transport  of  coarse  terrigenous  material  from  the 
north-west  extends  further  south  with  each  successive  period. 
For  example,  the  modification  of  the  Moffat  type  of  the  Hartfell 
black  shales  extends  further  south  throughout  the  length  and 
breadth  of  the  Northern  Belt  than  that  of  the  Glenkiln  Shales, 
while  the  change  in  the  character  of  the  Barren  Mudstones 
extends  further  south  than  that  of  the  underlying  Hartfell  black 
shales.  In  the  sequel  it  will  be  shown  that  similar  phenomena 
are  characteristic  of  the  overlying  Llandovery  Rocks. 

There  is  evidence  also  of  small  arec^s  of  local  elevation  and 
erosion  whereby  Llandeilo  and  other  rocks  were  removed  and 
the  materials  were  redeposited  in  the  overlying  sediments. 

Towards  the  close  of  Llandeilo  and  near  the  beginning  of 
Caradoc  time  a  few  thin  sheets  of  diabase-lava  and  andesite- 
tuff  were  discharged  from  isolated  vents  and  buried  underneath 
graptolitic  mud  and  other  sediment.  The  closing  phase  of 
volcanic  activitv  in  the  Silurian  rocks  of  the  Southern  Uplands 
is  represented  by  the  soda-felsite  and  perlitic  felsite-lavas  and 
tuffs  which  were  locally  erupted  during  Upper  Caradoc  time, 
many  of  the  calcareous  organisms  having  been  entombed  in  the 
ash  which  covered  part  of  the  sea-floor. 

GIRVAN    AREA. 

Rocks. — The  Caradoc  Rocks  of  the  Girvan  area  indicate  a 
complete  change  in  the  nhases  of  sedimentation  from  those  which 
obtained  in  the  central  Moffat  ai*ea  during  the  same  period. 
Here  thick  masses  of  sediment  consisting  of  conglomerates, 
grits,  greywackes,  flagstones,  mudstones,  shales,  and  limestones 
are  associated  with  finer  materials,  which  yield  graptolites 
characteristic  of  the  Hartfell  division  of  the  Moffat  series.  In 
this  region  these  rocks  comprise  the   various  divisions  of  the 
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Ardmillan  series  established  by  Professor  Lapworth  and  given 
here  in  descending  order,  to  which  have  been  added  the 
Balclatchie  beds : 

T-fc  1   i-,  f  Grey  fossiliferous  mudstones  and  occa- 

^'  J^     sional  flagstones. 

Tj  T?i      X       /-«  r  Flaffstones  and  shales  usually  unfos- 

Barren  Flagstone  Group,  K        ^i  -r 

°  ^'  \     siliierous. 

x^,  .,  i^  p  f  i^  and  green  mudstones,  with  grey 

P'        *  \     and  black  shales  and  limestones. 

{Dark  grey  flaggy  shales,  with  carbon- 
aceous shales  and  bands  of  coarse 
pebbly  grit. 

T»  ,  ,  ,  1  .    p  f  Conglomerates,  grits,  and  fossiliferous 

P'  '  I      mudstones. 

It  is  rather  remarkable  that  the  strata  forming  the  highest 
sub-division  of  the  Caradoc  Bocks  of  Girvan  (Drummuck  group) 
are  represented  only  in  the  Craighead  inlier,  north  of  the  Girvan 
valley.  They  do  not  intervene  between  the  Barren  Flagstones 
and  the  overlying  Llandovery  strata  on  the  south  side  of  that 
river — a  structural  feature  which  will  be  referred  to  in  the 
sequel. 

Fossil  s. — ^The  assemblage  of  organic  remains  in  the  Caradoc 
Bocks  of  Girvan  is  similar  to  that  found  in  strata  of  the 'same 
period  in  the  Northern  Belt,  with  this  difference,  that  the  fauna 
IS  richer  both  in  genera  and  species. 

One  of  the  most  prolific  horizons  in  these  Caradoc  Rocks,  and 
indeed  in  the  whole  Girvan  succession,  is  the  zone  of  mudstones 
intercalated  in  the  grits  of  the  Balclatchie  group,  which  group 
is  regarded  by  Professor  Lapworth  as  foiming  the  passage  beds 
between  the  underlying  Barr  series  and  the  overlying 
Ardmillan  series.  The  polyzoa  are  represented  by  three  genera : 
(Ftilodidya,  &c.)  ;  the  cirripedes  by  Tunrihpas,  and  the  phyllopod 
crustaceans  by  Pinnocaris,  One  of  the  characteristic  palaeonto- 
logical  features  of  this  horizon  is  the  profusion  of  trilobites,  there 
being  no  fewer  than  twenty-one  genera,  including  Addaspis,  3 
species ;  Agiiostus^  1 ;  Barrandia,  1 ;  Ampyx,  6 ;  Ascuphus,  1 ; 
Bronteus,  1 ;  Bronteopsw,  1 ;  Gheirurus,  4 ;  Cybele,  2 ;  Deipho7i,  1  ; 
llUenus,  3 ;  Ha/rpeSj  1 ;  lAchas,  3 ;  Phacops,  1 ;  Proetus,  1 ;  Bemo- 
pkurideSy  2 ;  SaUeria^  1 ;  Styghm,  1 ;  SpJicerexochus,  1 ;  Stauro- 
cephaluSy  2 ;  Trinucleus,  3 ;  &c.  Of  the  brachiopods  there  are  eleven 
genera,  of  the  lamellibranchs  7,  of  the  gasteropods  10,  and  of  the 
cephalopods  5  genera. 

There  are  four  genera  of  graptolites  found  in  these  Balclatchie 
mudstones,  viz. :  DicranograpiuSy  BicelhgraptuSy  Diplograptus,  and 
Climacograptiis ;  the  species  being  common  to  the  Glenkiln  and 
Hartfell  divisions  of  the  Moflat  series. 

In  the  overlying  Ardwell  group  various  seams  yield  graptolites 
more  or  less  characteristic  of  the  lower  sub-zones  of  the  Hartfell 
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black   shales,  as,  for   instance,   CliTnacograptits   cavdatus    in   the 
flaggy  shales  near  the  top  of  the  group  on  the  shore  at  Ardwell. 

An  abundant  fauna,  partly  graptolitic  and  partly  calcareous,  has 
been  obtained  from  the  members  of  the  Whitehouse  group.  For 
the  purpose  of  correlating  the  strata  with  those  of  the  Central  Belt, 
the  occurrence  here  of  the  two  zonal  graptolites,  Pleurograptus 
linearis f  characteristic  of  the  highest  sub-zone  of  the  Hartfell  black 
shales,  and  Bicellograptus  coinplanaius,  of  the  lower  portion  of  the 
Barren  Mudstones,  is  of  great  interest. 

Among  the  calcareous  organisms,  the  corals  are  represented  by 
Halysites ;  the  polyzoa  by  the  genus  Fenesiella ;  and  the  crinoids 
by  Glypiocrinus,  The  annelides  include  the  genera  Serpulites  and 
Tentaculites.  Among  the  crustaceans,  the  cirripedes  are  repre- 
sented by  Turrilepas,  and  the  ostracods  by  six  genera,  viz. : 
Aparchites,  2  species ;  Beyrichiay  2 ;  Cypridiiiia,  1 ;  Primitia,  5 ; 
nirichiay  2 ;  8ukuiiay  2.  The  trilobites  number  1 1  genera,  brachio- 
pods  11,  lamellibranchs  2,  gasteropods  10. 

The  Barren  Flagstone  group,  which  overlies  the  Whitehouse  beds, 
is  remarkably  destitute  of  fossils,  but  the  mudstones,  which  con- 
stitute the  dominant  feature  of  the  highest  division  of  the  Caradoc 
Bocks  of  Girvan  (Drummuck),  have  yielded  a  large  assemblage  of 
organic  remains.  Indeed,  they  have  become  widely  known  from  the 
abundance  and  excellent  preservation  of  the  trilobites,  there  being 
no  fewer  than  thirteen  genera,  including  Ampyx,  1  species 
Calymeiie,  2  ;  Cheirunis,  2 ;  Cybele,  1 ;  Dionide,  1 ;  Dindymsne,  1 
lUcenus,  2 ;  lAchaSy  2 ;  Phillipsia,  1 ;  Pha^cops,  1 ;  ProettiSy  3 
StaurocephaluSy  1 ;  Trinucleus,  8.  While  the  species  of  trilobites 
have  a  marked  Upper  Bala  facies,  there  are  some  points  of  con- 
siderable interest  connected  with  the  distribution  in  time  of  some 
of  the  forms.  For  example,  the  genus  Phillipsia,  which  here  makes 
its  first  appearance  in  the  Silurian  succession  of  the  Southern 
Uplands,  passes  upwards  into  the  Lower  Carboniferous  series; 
while  Phacops  Brongniarii,  which  is  a  characteristic  fossil  of  the 
Stinchar  Limestone,  does  not  occur  on  any  liigher  horizon.  The 
brachiopods  number  9  genera,  the  lamellibranchs  2,  the  gastero- 
pods 14,  the  pteropods  3,  the  cephalopods  2. 

Professor  Lapworth  has  identified  a  specimen  of  Dicello- 
graptus  anceps,  obtained  by  Mrs.  Gray  from  the  Drummuck 
mudstones — ^the  characteristic  graptoKte  of  the  upper  portion  of 
the  Barren  Mudstones  of  the  Moffat  region. 

Another  interesting  palaeontological  feature  of  the  Caradoc 
Rocks  of  Girvan  is  the  occurrence  of  a  star-fish  band  at  the  very 
top  of  the  series  which  has  been  made  known  through  the 
researches  of  Mrs.  Gray  and  Professor  Lapworth.  The  star- 
fisheSy  which  occur  in  considerable  abundance,  are  referable  to 
Teiraster  WyviUe-Thomsoniy  and  are  associated  with  many 
representatives  of  the  various  groups  of  organisms  occurring 
in  the  underlying  mudstones. 

Conditions  of  Deposition. — The  sequence  of  Caradoc 
Bocks  in  the  Girvan  region  points  to  the  existence  of  an  exten- 
sive land-surface  to  the  north  of  the  Silurian  sea.     The  strata 
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represent  shore-deposits  which  were  accumulated  on  a  gradually 
subsiding  area,  and  an  analysis  of  the  fossil  lists  clearly  proves 
that  trilobites,  brachiopods,  and  gasteropods  must  have  swarmed 
in  these  shallow  seas.  But  here,  as  elsewhere,  the  close  of  this 
period  is  marked  by  a  great  change  in  the  lif e^history  of  the 
system.  All  the  species  of  graptolites  found  in  the  Caradoc 
Bocks  of  Girvan  diisappear,  and  only  the  genera  Diplograpius, 
ClimdcograptuSy  and  KetiolUes  pass  up  into  the  Llandovery 
formation.  At  this  horizon  also  there  is  a  striking  change  in 
the  genera  and  species  of  the  other  life-groups,  thus  clearly  indi- 
cating that,  though  no  marked  uncooiormability  is  traceable, 
there  is  nevertheless  a  distinct  palseontological  break. 

UPPER  SILURIAN. 
LLANDOVEBT  AND  TABANNON. 

CENTRAL  BELT. 

Bocks. — ^We  have  now  reached  an  important  stage  in  the 
history  of  the  Silurian  rocks  of  the  Southern  Uplands,  for  not 
only  is  there  a  marked  change  in  the  fauna  when  we  cross  the 
threshold  of  the  Upper  SHurian  system,  but  there  is  also 
evidence  that,  while  oceanic  conditions  of  deposition  prevailed 
over  a  large  part  of  the  Central  Belt  in  Llandovery  time, 
the  coarse  terrigenous  materials  were  carried  further  south, 
till  in  Tarannon  time  they  overspread  the  sea-floor  of  the  whole 
central  region. 

In  the  Moffat  region  of  the  Central  3elt  the  Llandovery  Rocks 
are  represented  by  the  Birkhill  Shales,  divisible  into  two  groups, 
a  lower,  composed  of  black  flaggy  shales,  which  near  ^e  top 
contains  seams  of  clay  with  nodules  and  ribs  of  limestone,  and 
an  upper  group  of  alternations  of  black  and  grey  shales  and 
mudstones,  with  abundant  seams  of  white  clay.  Though  they 
are  lithologically  connected  with  the  underlying  Hartfell  and 
Glenkiln  Shales,  having  been  deposited  under  somewhat  similar 
conditions,  they  are  readily  distinguishable  in  the  field  by  the 
numerous  seams  of  white  clay  and  the  peculiar  character  of  the 
black  shales.  In  one  of  the  zones,  that  of  Monograptiis  gregaritiSy 
in  the  typical  Dobb's  Linn  section,  there  is  a  band  of  black  grit 
intercalated  in  the  finer  sediments.  Such  are  the  lithological 
divisions  of  the  Birkhill  Shales  in  many  of  the  anticlines  along  the 
strike  of  the  Dobb's  Linn  fold  in  the  central  Mofiat  region. 

Professor  Lapwoi*th  showed  that  as  the  observer  passes  north* 
westwards  from  the  central  Moffat  region,  the  Birkhill  Shales 
are  modified  and  replaced  by  other  sediments — ^that,  for  example, 
in  the  Hartfell  section  to  the  north-west  of  the  strike  of  the 
Dobb's  Linn  anticline,  the  upper  division  of  the  Birkhill  Shales 
has  disappeared.  In  like  manner  the  highest  sub-zone  of  the 
lower  division  (Monograptus  gregarius)  is  no  longer  met  with 
in  the  arch  at  Cow  Linn  in  the  Fruid  Water,  and  when  the 
bands  are  traced  north  to  the  junction  of  that  stream  with  the 
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River  Tweed,  the  lower  division  is  represented  by  blu&-black 
seams  in  other  sediments,  firom  which  one  or  two  zonal  forms 
have  been  obtained.  Similar  phenomena  are  observable  along 
the  northern  portion  of  the  Central  Belt  from  the  Lammermuir 
Hills  in  the  far  north-east  to  the  Portpatrick  coast  line  (see  pp. 
198-9).  Indeed,  there  seems  no  escape  from  the  conclusion  that, 
along  the  northern  margin  of  the  Central  Belt,  the  Llandovery 
Bocks  are  partly  represented  by  coarse  sediments  (grits,  grey- 
wackes,  and  shales)  which  contain  thin  carbonaceous  seams, 
yielding  dwarfed  representatives  of  Lower  Birkhill  graptolites. 

The  Tarannon  Bocks  of  the  Central  Belt  comprise,  in 
descending  order: 

3.  Orey,  green,  and  red  shales,  brown  flagstones,  and  yellow- 
crusted  greywackes  with  occasional  grits  (Hawick  Bocks). 

2.  Massive  grits  and  greywackes  with  local  bands  of 
conglomerate,  with  grey,  green,  and  red  shales  (Queensberry  Grits). 

1.  Brown  flagstones,  green  and  grey  shales  and  mudstones 
(Abbotsford  Flags). 

The  dominant  type  of  the  Tarannon  Bocks  of  the  Central  Belt 
consists  of  massive  grits  and  greywackes  (Zone  2),  which  are 
specially  characteristic  of  the  central  and  northern  portions, 
while  the  members  of  the  highest  sub-division  (Zone  3)  are 
confined  mainly  to  the  southern  margin  of  the  area.  The  Abbots- 
ford  flags  occur  in  the  region  between  Melrose  and  Mofiat. 

Certain  local  bands  of  conglomerate  occur  in  the  Llandoveiy 
and  Tarannon  area  (Pinstane  Hill,  Craigenputtock  Hill), 
containing  pebbles  of  volcanic  and  plutonic  rocks  (Arenig), 
radiolarian  chert,  grey  shale,  black  shale  with  graptolites, 
greywacke,  grit,  quartzite,  and  mica-schist  from  the  Highlands, 
&c  The  largest  pebbles,  consisting  of  greywacke  and  granitoid 
igneous  rocks,  measure  from  eight  to  ten  inches  in  diameter. 

Fossils. — The  distinctive  fossils  of  the  Birkhill  Shales  are 
graptolites  which,  both  in  genera  and  species,  differ  in  a  marked 
degree  from  the  faunas  of  the  underlying  Hartf ell  and  Olenkiln 
divisions.  Though  there  is  here  a  perfect  passage  from  the 
Hartfell  (Caradoc)  Shales  to  the  overlying  Birkhill  division 
(Lower  Llandovery),  a  striking  palssontological  break  neverthe- 
less exists.  The  special  features  of  this  change  in  the  facies 
of  fossils  are  thus  summarised  by  Professor  Lapworth  : 

'^  Of  the  numerous  genera  oi  compound  Graptoloidea  which 
give  such  a  varied  character  to  the  fauna  of  the  Glenkiln  Shales, 
and  many  of  which  have  accompanied  us  in  our  upward  progress 
into  the  typical  beds  of  the  Ha^fell  division,  not  one  passes  up 
into  the  Birkhill  Shales.  Here,  on  the  other  hand,  the  extra- 
ordinary prevalence  of  Monograptidss  upon  every  zone  is  in 
striking  contrast  to  what  occurs  in  the  inferior  division,  where 
not  the  slightest  trace  of  any  form  of  this  family  has  ever  been 
detected* 

"  The  two  genera  Monograptus  and  Rastritei  swarm 
abundantly  in  aU  except  the  lowest  zone  of  the  Birkhill  Shales, 
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and  with  the  more  sparingly  distributed  genera  Dij)lograptti9, 
Climaeograptits,  and  Retiolites  (together  with  a  few  scattered 
forms  of  Crustacea  and  Spongidse)  constitute  the  whole  of  the 
fossils  of  the  group.  Consequently,  while  there  is  no  falling-off 
in  respect  of  individuals  or  even  species  (many  of  the  beds 
bearing  favourable  comparison  with  the  most  prolific'  horizons 
of  the  fiartfell  Shales),  yet,  when  contrasted  with  that  afforded 
by  the  preceding  divisions,  the  fauna  of  the  Birkhill  Shales  is 
strangely  monotonous  throughout.  No  better  proof  could  per- 
haps be  adduced  of  our  having  clearly  overstepped  the  limits  of 
the  great  Llandeilo-Bala  formation,  where  the  Graptolithina 
attain  their  maximum,  and  that  we  are  now  almost  on  the 
threshold  of  those  Upper  Silurian  Rocks  where  these  strange  old 
creatures  disappear  from  our  sight  for  ever."*     (Plate  XXVII.) 

The  zonal  forms  of  the  various  divisions  of  the  Birkhill  Shales 
established  by  Professor  Lapworth  are  given  below  in  descending 

order : 

{  3.  Bastrites  maximus  zone. 
Upper  Division.    -I  2.  Monograptus  tipinigerua  zone. 

\^  1.  CephcUograptuit  cometa  zone. 

C  3.  Monograptus  gregarius  zone. 
Lower  Division.    -!  2.  DipXograptuB  vesiculoatM  zone. 

t  1.  Diplograptus  acuminaius  zone. 

The  graptolites  are  associated  with  certain  phyllocarid  crus- 
taceans which  are  represented  by  four  genera,  Aptychopsis, 
DiscinocariSy  Peltoca/riSy  CeraOocaris, 

The  study  of  the  distribution  of  the  graptolites  in  the  Lower 
Llandovery  Rocks  of  the  Central  Belt  reveals  certain  peculiar 
features.  It  is  evident  that  their  distribution  and  to  some 
extent  their  development  were  affected  by  the  transport  of 
coarse  sediment  from  the  northern  land  area,  for  not  only  do  the 
higher  sub-divisions  of  the  Birkhill  Shales  with  their  character- 
istic forms  one  by  one  disappear,  but  even  in  those  cases  where 
the  Moffat  type  is  represented  by  thin  carbonaceous  seams  in 
coarse  sediments,  there  are  only  a  few  dwarfed  representatives 
of  the  abundant  Birkhill  fauna.  The  forms  seem  to  indicate 
arrested  stages  of  development,  as  if  the  conditions  had  been 
unfavourable  for  their  progress.  The  disappearance  of  most 
of  the  Birkhill  forms  and  the  stunted  character  of  the  survivors 
along  the  northern  margin  of  the  Central  Belt  make  it  difficult 
to  fix  with  precision  the  northern  boundary-line  of  the 
Llandovery  Bocks  of  this  region.  These  dwarfed  forms  include 
representatives  of  Monograptus  tenuis,  Dimorphograptv^y 
DiplograptuSy  and  a  Glimacograptus  like  0,  normalis,  (See 
pp.  200-1.) 

The  coarse  sediments  in  the  Tarannon  Rocks  of  the  Central 
Belt  are  almost  wholly  destitute  of  fossils.  The  forms  which 
do  occur  are  mainly  graptolites,  which  are  restricted  to  dark  shales 
or  thin  carbonaceous  seams.  In  these  rocks  iwe  find  some 
survivors   of    the   Birkhill   fauna,   some,   which   are   peculiar  to 

♦  Quart.  Jour.  Geol.  Soc.    Vol  XXXIV.,  p.  317. 
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the  Tarannon  series,  and  some  which  pass  up  into  the  Wenlock 
strata.  The  following  may  be  quoted  as  examples  of  the  first 
group,  viz. :  Rasiriies  maadmuSy  Monograptus  Sedgwiclci,  M.  Upto- 
Hheca^  M,  spiralis,  Petalograpius  folium,  and  Climacograptus  normalis. 
But,  in  addition  to  these,  we  find  species  which  now  appear  in  the 
sequence  for  the  first  time,  viz. :  Monograptus  exiguus,  M,  crispus, 
M.  vomerinus,  M,  galaensis,  Retiolites  geinitzianus^  and  Cyrtograptus. 
Some  of  these  forms,  as  will  be  shown  in  the  sequel,  pass  upwards 
into  the  Wenlock  formation  ;  others,  such  as  Monograptus  turricu- 
laiuSf  M.  exiguvs,  M.  crispus,  and  M,  pandus,  are  zonal  forms,  which, 
so  far  as  our  present  knowledge  goes,  appear  to  be  confined  mainly 
if  not  exclusively  to  the  Tarannon  series. 

In  the  Tarannon  sub-division  of  the  Stockdale  Shales,  in  the 
Lake  district,  Messrs.  Marr  and  Nicolson  have  established  the 
following  graptolite  zones :  (1)  Monograptus  turricidaius,  overlain 
by  (2)  M,  crispus.  In  the  Central  Belt  of  the  Southern  Uplands 
Jf.  turriculaius  is  found  in  considerable  abundance  at  certain 
localities  in  the  shales  immediately  overlying  the  Rastrites  majxirrms 
band,  but  it  also  occurs  in  higher  beds  intercalated  in  grits 
associated  with  M,  crispus,  M.  exiguus,  and  Retiolites  geinitzianus. 

An  interesting  palseontological  feature  of  these  Tarannon  Bocks 
is  the  abundance  of  ti*acks  in  red  and  green  shales  on  certain 
horizons,  as,  for  instance,  Crossopodia,  Crossochorda,  Dexolites, 
Myrianites,  Nereites,  Nemertites.  At  present  it  is  doubtful  whether 
all  these  tracks  are  due  to  the  burrowing  of  annelides ;  in  some 
instances  they  may  have  been  produced  by  univalve  molluscs  or 
even  by  crustaceans. 

Some  of  the  coarser  grits  and  fine  conglomerates  in  the 
eastern  portion  of  the  Central  Belt  yield  fragments  of  corals, 
crinoids,  and  calcareous  brachiopods. 

Conditions  of  Deposition. — The  Kthological  char- 
acters of  the  Birkhill  Shales  and  their  organic  remains  alike 
point  to  the  continuance  of  oceanic  conditions  at  the  verge  of 
sedimentation,  in  the  central  area,  in  Llandovery  time.  But 
stage  by  stage  the  coarse  sediments  from  the  northern  land- 
surface  invaded  the  fioor  of  the  Silurian  sea,  till  eventually  in 
Tarannon  time  they  overspread  the  whole  region.  At  intervals, 
however,  during  pauses  in  the  transport  of  the  coarse  materials, 
fine  dark  mud  was  deposited,  in  which  were  entombed  various 
species  of  graptolites. 

The  local  conglomerates  with  pebbles  of  BLighland  schists, 
Arenig  volcanic  and  plutonic  rocks,  greywackes,  and  shales 
point  to  local  elevation  and  erosion  of  crystalline  schists  and  TiOwer 
Silurian  rocks  outside  the  area  of  sedimentation. 

NORTHERN  BELT. 

In  this  portion  of  the  Southern  Uplands  no  fossilif erous  strata 
of  Llandovery  or  Tarannon  age  have  as  yet  been  detected.  It 
is  not  improbable,  however,  that  there  may  be  lenticular  patches  of 
these  rocks  in  such  a  highly  convoluted  region,  but,  if  so,  they 
consist  in  all  likelihood  of  barren  sediments. 


do  The  Silurian  Mocks  of  ScotlaruL 


GIRVAN   AREA. 


The  Llandovery  aad  Tarannon  Bocks  of  the  Girvaa  area  are 
represented  by  a  thick  mass  of  sediments,  containing  many 
highly  fossiliferous  zones,  among  which  appear  several  grap- 
toHte-bearing  bands  yielding  many  of  the  zonal  forms 
characteristic  of  these  groups. 

LLANDOVEET. 

Rocks. — ^In  the  Girvan  area  there  is  a  stitiking  departure 
from  the  Llandovery  phase  of  sedimentation  represented  by  the 
Birkhill  Shales  in  the  Central  Belt.  The  prominent  zones  of 
conglomerate  with  pebbles  of  Arenig  igneous  rocks,  radiolarian 
chert,  quartzite,  mica-schist,  quartz,  and  other  ingredients; 
the  shelly  sandstones,  the  fossiliferous  limestones,  and  calcareous 
grits  ana  graptoKte  shales,  plainly  indicate  the  vast  change  in 
the  character  of  sedimentation.  The  classification  of  the  Oirvan 
Llandovery  Bocks  estabKshed  by  Professor  Lapworth  may  thus 
be  briefly  summarised  in  descending  order : 
• 

Camregan  Group,    .   |  ^'jjf^gg^'^*'^'  1^™®^^°'''  """^  graptolite 

C  Conglomerates,  grits,  sandstones,  shales, 
Saugh  Hill  Group,  .   <      limestones,  and   graptolite  shales  of 

(     Woodland  and  Saugh  HiU. 

MuUoch  HiU  Group,   /  Conglomerates    shelly  sandstones,  and 

I     graptolite  shales. 

It  is  a  remarkable  fact  that  the  members  of  the  lowest  or 
Mulloch  Hill  group,  like  the  underlying  Drummuck  group,  lire 
confined  to  the  Craighead  inlier  on  the  north  side  of  the  Girvan 
valley.  Professor  Lapworth  has  recorded  a  slight  unconform- 
ability  on  the  shore  south  of  Girvan,  where  the  Craigskelly 
conglomerate — the  lowest  sub-division  of  the  Woodland  beds 
(Saugh  Hill  group) — ^is  believed  to  rest  on  the  eroded  edges  of 
the  Barren  Flagstones  (Caradoc).  Whether  or  not  this  slight 
discordance  may  sufiiciently  account  for  the  absence  of  these 
groups  to  the  south  of  the  Girvan  valley,  it  is  at  least  clear, 
from  the  recurrence  of  conglomerates  with  pebbles  of  Silurian 
rocks  and  Highland  quartzite,  that  local  elevation  and  erosion 
of  the  Silurian  rocks  must  have  taken  place  at  no  great  distance 
to  the  north  of  the  area  of  sedimentation. 

Fossil  8. — The  rich  and  varied  fauna  of  the  Llandovery  Rocks 
of  the  Girvan  area  likewise  affords  strong  proof  of  the  great 
change  in  the  sedimentation  from  that  which  prevails  in  the 
Central  Belt.  Though  corals,  trilobites,  brachiopods,  lamelli- 
branchs,  gasteropods,  and  cephalopods  are  largely  represented, 
the  group  is  also  characterised  by  many  graptoHtes. 

The  zonal  Llandovery  graptohtes  which  have  been  recognised 
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by  Professor  Lapworth  in  the  Girvan  area  are  given  here  in 
descending  order : 

4.  Bastrites  maximus. 
8.  Monograptiie  spinigerus. 
2.  „  gregarius. 

1.  Diplograptus  acuminaius. 

The  genus  Piihgraptv^s,  which  occurs  at  the  top  of  the  MuUoch 
Hill  sandstones,  has  not  as  yet  been  recorded  from  any  other  part 
of  the  Southern  Uplands.  The  following  genera  of  graptolites  are 
represented  in  these  Llandoveiy  Rocks :  Climacograptus,  1  species ; 
Diplograptus  J  2 ;  DimorphograptuSy  1 ;  PetalograptuSy  1  ;  Moiio^ 
grapius,  7;  Raslrites,  1 ;  RetioliteSj  1 ;  Dictyonemay  1. 

Of  the  other  great  life-groups,  the  amorphozoa  are  represented 
by  two  genera,  Nidulites  and  Iscliadites.  The  corals  number  nine 
genera:  Aulacophyllum,  1  species;  Favosites,  4;  HelioUteSy  3; 
HalysiteSy  1 ;  Lindstrbmia,  2 ;  Palceocyclus,  1 ;  Petraiay  2 ;  Pinna- 
coporay  1 ;  Streptelasmay  1 .  The  echinoderms  are  represented  by 
CflyptocriTVus ;  the  annelides  by  Tentaculites ;  and  the  polyzoa  by 
Ptilodictyay  2  species ;  Fenestellay  1 ;  Retepora  1 . 

Amongst  the  arthropods,  the  cirripedes  include  Turrilepas  and 
the  ostracods  Cythere;  while  the  trilobites  number  ten  genera, 
viz. :  Calymeney  1  species ;  pheiruruSy  1 ;  EiicrinwmSy  1 ;  IllcenvSj 
3 ;  lAchas^  2 ;  Phacops,  3 ;  AcidaspiSy  1  ;  ProetuSy  1  ;  BronteuSy  1 ; 
StaurocephaluSy  1. 

The  brachiopods,  which  are  extremely  abundant  in  some  of  the 
zones,  comprise  fourteen  genera,  viz. :  Atrypa,  3  species  ;  Crania, 
1 ;  DinobuluSy  1 ;  Leptocoeliay  1 ;  Leptcenay  3 ;  Lingula,  1 ;  Meris- 
ielloLy  1 ;  OrhicuUndeay  1 ;  Orihis,  9 ;  PeniayneruSy  2 ;  Pholidops, 
RhynchoneUay  4 ;  Stricklandiniay  1 ;  Strophomenay  7.  The  lamelli- 
branchs  number  eight  genera :  Ambonychiay  1  species ;  Avicukby  1 ; 
Cardiokby  1 ;  Cteiiodooitay  1 ;  Orthonotay  3 ;  Pakearca,  2 ;  Pterineay 
2 ;  Pleurorhynchus,  1 .  The  gasteropods  are  represented  by  eleven 
genera :  BeU^roplton,  7  species ;  Cyrtolites,  Euomphaliis,  2  ;  HolopeUy 
1 ;  HolopelUiy  2 ;  Mod'oclmliis,  1 ;  Murchisoniay  2 ;  Oriosiomay  1 ; 
Trocluyiiemay  1;  Trochus,  1;  PlatyceraSy  1.  The  cephalopods 
number  six  genera :  CyrtoceraSy  1  species ;  Gomphoc^aSy  1 ;  Otico- 
ceraSy  1 ;  Orihoceras,  4;  PhragmoceraSy  1 ;  TrochoceraSy  1.  Lastly, 
the  pteropods  so  called  number  the  following  genera :  Conidariay  2 
species;  HyolUheSy  1;  Pterothecay  1. 

One  of  the  distinctive  palaeontological  features  of  these  Llandovery 
Bocks  of  Girvan  is  the  presence  of  two  well-marked  zones  abun- 
dantly charged  with  Llandovery  species  of  Pentamerus.  The  upper 
zone  (Camregan  Limestone  and  Grit),  characterised  by  Penta/merus 
oblongvSy  P.  undattis,  P.  rotundusy  immediately  underlies  the 
Bastrites  maximus  band;  the  lower  zone  (Newlands  Grits  and 
Sandstones),  containing  P.  oblongvSy  P.  undatuSy  is  interposed 
between  the  Monograptus  gregoHus  shales  (Glenshalloch)  and  the 
Diplograptus  cbcurmnatus  mudstones  (Glenwells).     (See  pp.  532-3). 
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TARANNON. 

Bock  8. — ^The  Tarannon  Rocks  of  the  Girvan  area  include  the 
greater  portion  of  the  Dailly  series  established  by  Professor 
Lapworth,  and  may  be  briefly  summarised  as  follows : 


§ 

a  , 
S 


GrouD       r  Unfossiliferous  flagstones  and  shales. 


Bargany 
Group. 
PenkiU 


Tliick-bedded    flagstones    and    shales    with 

zones  of  shales. 
Grits,  flagstones,  and  shales  \rith  graptolitic 


Group,     j        mudstones  and  shales. 


It  is  worthy  of  note  that  the  Tarannon  Rocks  of  the  Girvan  area 
do  not  consist  of  such  coarse  sediments  as  those  of  the  Central 
Belt ;  indeed  the  massive  grits  (Queensberry)  of  the  latter  region 
are  sparingly  represented  at  Girvan. 

Fossil  8. — On  several  horizons  graptolites  of  a  distinct  Taran- 
non facies  appear ;  the  zonal  form  of  the  Lower  PenkiU  beds  being 
M(mogra/ptu8  exiguus,  and  of  the  upper  mudstones  (PenkiU  group) 
Cyrtograpius  Orayce,  Altogether  five  genera  of  graptolites  occur 
in  these  rocks,  viz. :  MonograpUis,  Biploqraptus,  Rasirites,  Cyrto^ 
grapUiSf  Betiolitea. 

An  analysis  of  the  list  of  fossils  obtained  from  the  Tarannon 
Rocks  of  Girvan  shows  a  remarkable  diminution  in  the  number  of 
genera  and  species  of  the  other  life-groups  compared  with  their 
development  in  the  underlying  Llandovery  and  Caradoc  strata. 
For  example,  the  corals  are  represented  by  two  genera :  HelioliteSf 
Palceocyclus ',  the  phyllopod  crustaceans  by  Discinocaris ;  while 
only  two  genera  of  trilobites  {Encrinurus,  Cheirurus)  have  been 
recorded  from  this  group. 

There  is  a  similar  striking  decrease  in  the  brachiopods,  which 
number  five  genera,  viz. :  Atrypa,  Bischia,  Orthis,  PentameruSy 
Strophomena..  The  lamellibranchs  include  two  genera,  Cardiola 
and  iMnulicardium ;  the  gasteropods  one  genus,  Oriosioma ;  and 
the  cephalopods  one  genus,  Orthoceras, 

In  the  Gii'van  area  of  the  Tarannon  Rocks  those  peculiar  tracks 
(Crossopodia,  MyrianiteSy  Eione)  which  are  such  a  characteristic 
feature  of  similar  strata  in  the  Central  Belt  occur  in  red  and  green 
shales  in  the  PenkiU  group.  Finally,  traces  of  plant  remains  have 
been  obtained  from  this  series  of  strata,  but  too  imperfectly  pre- 
served for  determination. 

Conditions  of  Deposition  dm4ng  Llandoveiy  and 
Tarannon  time. — The  sequence  of  Llandoveiy  and  Tarannon 
Rocks  in  the  Girvan  area,  comprising  conglomerates,  shelly 
sandstones,  limestones,  graptolitic  shales,  &c.,  and  their 
associated  fossils,  alike  point  to  deposition  either  close  to  the 
shore,  or  in  shaUow  water,  or  in  compai^atively  clear  water  with 
the  deposit  of  fine  sediment.  Though  the  land-surface  lay  to 
the  north-west  of  the  Silurian  sea,  there  must  have  been  local 
elevation  and  erosion  both  within  and  to  the  norih  of  the  area 
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uf  sedimentation.  While  the  downward  movement  seems  to 
have  been  in  the  ascendant,  it  is  probable  that  the  subsidence 
took  place  at  intervals,  the  sea-noor  being  strewn  with  the 
prolific  calcareous  fauna,  which  gradually  diminished  in  genera 
and  species  towards  the  close  of  tiie  period. 

WENLOOK  AND  LUDLOW. 

SOUTHERN   BELT. 

Bocks. — The  strata  of  Wenlock  and  Ludlow  age  extending 
along  the  southern  margin  of  the  Silurian  tableland  may  be  briefly 
described  as  follows,  in  descending  order : 

3.  Green  mudstones,  with  nodular  calcareous  bands. 

2.  Mudstones,  shales,  ffreywackes,  srits,  and  conglomeratic  bands 

with  graptolite  ;hale8. 
1.  Flaggy  grits  and  grey  shale  bands. 

The  members  of  the  middle  group  form  the  greater 
portion  of  the  Southern  Belt  of  Wenlock  and  Ludlow  Bocks, 
there  being  little  variety  in  the  lithological  characters  of  the 
strata.  The  graptolite-bearing  bands  differ  petrologically  from 
the  normal  black  shales  of  the  Moffat  series ;  they  sometimes 
occur  in  zones  fifty  feet  in  breadth,  and  sometimes  in  thin  leaf- 
like seams  intercalated  in  the  barren  pale-coloured  shales  and 
flagstones. 

Fossils. — The  distinctive  palseontological  feature  of  the 
Wenlock  and  Ludlow  Bocks  of  the  Southern  Belt  is  the  constant 
recurrence  due  to  folding  of  dark  brown  flaggy  shales  charged 
with  graptolites,  orthoceratites,  phyllopod  crustaceans,  and 
sometimes  eurypterids.  Occasionally  the  pebbly  grits  contain 
fragments  of  brachiopods,  corals,  crinoids,  and  other  organic 
remains. 

The  zonal  graptolite  of  the  ^^Wenlock  Bocks  is  Cyrtograptus 
Murckisoni — a  species  which  here  makes  its  appearance  for  the  first 
time,  and  is  characteristic  of  the  lowest  band  of  graptolite  shale 
all  across  the  belt  from  Burrow  Head,  in  Wigtownshire,  to  Stobs 
Castle,  near  Hawick.  The  following  genera  of  graptolites  are 
found  in  these  Wenlock  beds :  Cyrtograptus  2  species,  Dictycmema 
1,  Monograptiis  8,  Eetiolites  1 — evidence  which  clearly  points  to 
the  gradual  extinction  of  this  important  group  of  organisms. 

The  sponges  are  represented  by  Protospongia ;  the  corals  by  four 
genera,  Heliolites  1  species,  Petrcuia  2,  Stenopora,  Syringopora ;  the 
crinoids  by  Olyptocrinus ;  the  annelides  by  ComuLxies ;  the  phyllo- 
pod crustaceans  by  three  genera,  Apiychopsis  3  species,  Ceratioca/ris 
5,  JDiscinocaris  1  ;  the  trilobites  by  two  genera,  Phacops  and 
Trinudevs ;  and  the  eurypterids  by  two  genera,  Eurypierus  and 
Slimonia.  The  brachiopods  number  seven  genera,  Athyris  1  species, 
Atrypa  1,  Leptcena  2,  lAngvla  1,  Orthis  6,  Bhynchonella  2,  StropJio-' 
mena  1 ;  the  lamellibranchs  seven  genera,  Cardiola  1  species, 
Ctenod(mta  1,  CvxyuUeUa  1,  Gmiiopliora  1,  Orthoixota  1,  Myiilus  1, 
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Pterinea  1 ;  the  gasteropoda  two  genera  (BeUerophon,  Loxo^iema) ; 
the  pteropodfi  two  genera  {Hyoliihes,  Cmixdaria)  ;  while  the  cephalo- 
poda are  represented  by  seven  species  of  Orthoceras. 

Conditions  of  Depositio n. — The  rapid  alternation  of 
graptolite  shales  with  shales,  flags,  greywackes,  and  pebbly  grits 
probably  indicates  minor  oscillations  of  the  sea-floor  in  the 
southern  region  during  Wenlock  and  Ludlow  time.  The  coarser 
sediments  point  to  the  transport  seawards  from  the  northern 
land-area  of  terrigenous  materials  during  pauses  in  the  downward 
movement,  while  the  graptolitic  shale  represents  the  zone  where 
only  the  finest  sediment  accumulated  so  slowly  as  to  permit  of 
its  being  coloured  by  the  organic  matter  of  the  sea-floor  and  by 
the  pelagic  organisms  which  fell  from  the  surface  of  the  ocean. 

BT.ATR    AXD   STRAITON    AREA. 

Rock  s. — The  strata  which  in  the  neighbourhood  of  Blair  and 
Straiton,  in  Ayrshire,  are  regarded  as  of  Wenlock  age  consist 
of,  1,  flagstones  and  shales  with  graptolite-bearing  seams  (Blair 
and  Enockgardner)  overlain  by  (2)  conglomerate,  grits,  and 
shales.  They  are  the  highest  visible  beds  in  the  Silurian 
succession  in  that  region. 

Fossils. — Considerable  difficulty  has  been  felt  in  flxiner  the 
precise  age  of  these  beds  in  view  of  the  palseontological  evidence, 
but  on  the  whole  the  balance  of  evidence  seems  to  be  in  favour 
of  grouping  them  with  the  Wenlock  rather  than  with  the 
Tarannon  Rocks.  The  fossils  are  confined  to  certain  thin 
carbonaceous  seams  and  some  calcareous  grits. 

The  graptolites  are  represented  by  three  genera,  viz. :  Mono^ 
graptus  (M,  riccurtonensis,  M.  Flemingi,  M,  priodon,  M.  vom-erimis, 
M.  rjaiaeyisis),  Retioliies  geinitzianv^,  and  Cyrtograptiis.  Two  of 
these  species,  M.  riccartonensis  and  M,  Flemingi,  are  specially 
characteristic  of  the  Wenlock  Rocks  of  the  Southern  Belt.  The 
entomostracans  include  three  genera,  Beyrichia^  Entomis,  and 
Primitia ;  the  trilobites  five  genera  {AdS/ispis,  Galymene,  Encrinu- 
rus^  Pltacops,  Proetus),  and  there  is  also  a  representative  of  Etiryp- 
terns.  The  brachiopods  number  seven  genera  {Atrypa-,  Lepictna^ 
Lingtda,  Orthis,  Heizia,  Siphonotreta,  Spirifera).  Several  of  the 
species  {Atrijpa  reticidaris,  Orthis  rusttca,  Retzia  Barravdei,  Spirifera 
sidcata)  are  characteristic  Wenlock  forms.  There  are  six  genera 
of  lamellibranchs  (Cardiola,  Gtenodonta,  Grammysia^  Modiolopsis, 
Orthonota,  Pterinea):  one  of  the  species  (Cardiola  fibrosa)  being  a 
Wenlock  form.  The  cephalopods  are  represented  by  three  species 
of  Orthoceras  (0.  MacLareni,  0.  svhundulainm^  0.  angidatum),  the 
first  of  these  being  a  characteristic  Ludlow  and  Wenlock  form  in 
the  Pentland  Hills. 

LANARKSHIRE   INLIERS. 

Rock  s. — Several  miles  to  the  north  of  the  Silurian  tableland, 
in  Lanarkshire,  strata  of  Wenlock  and  Ludlow  age  are  exposed 
along  anticlinal  folds  among  Lower  Old  Red  Sandstone  and 


Genrral  Desn-iptiou  — Strdticfraphy.  65 

Carboniferous    rocks.       These   may   be  briefly  summarised  in 
descending  order  as  follows  : 

^  I  Sandy    greywackes    and    shales    passing 

Upper  J        downwards  into  shales  and  mudstones 
Zones,  j        (Trochus  beds)  and  flaggy  shales  (Ptety- 
Ludlow.    ^  (^       (jotvs  beds). 

Flagstones,  greywackes,  and  brown  shales 
(Geraiiocaris  beds)  passing  downwards 
into  olive  shales  and  greywackes. 
TO^     I    ,  {  Greywackes  with  partings  of  shale.     (Base 

'      '         '  \        not  seen.) 

Compared  with  th.e  prevalent  petrological  types  of  Silurian 
strata  in  the  Southern  Uplands,  there  is  here  a  vast  prepon- 
derance of  sandy  shales  and  mudstones. 

Fossil  8. — Viewing  the  various  "  inliers  "  of  Upper  Silurian 
strata  in  Lanarkshire  as  one  province,  we  find  that  several  of 
the  life-groups  are  poorly  represented  compared  with  their 
development  in  the  Pentland  Hills. 

Only  one  or  two  fragments  of  graptolites  {Monograpius)  have 
been  found  in  the  Wenlock  and  Ludlow  Rocks  of  Lanarkshire,  and 
from  one  locality,  near  Carmichael  Manse,  south  of  Lanark.  Only 
two  genera  of  corals  have  been  obtained  (Favositea  asper,  Lindr 
strdmia  sp.).  Annelides  are  represented  by  two  genera  (Spirorbis, 
Comulite8)y  ostracods  by  Beyrichia,  and  trilobites  by  five  genera 
(Calymene  1  species,  Encrinurus  1,  lUcenus  1,  PJiacops  1,  Proeius  1). 

The  distinctive  palseontological  feature  of  these  rocks  is  the 
abundance  and  excellent  preservation  of  the  phyllocarid  crustaceans 
and  eurypterids,  which  ^are  moi.  or  less^  restricted  to  certain 
definite  horizons.  The  former  are  represented  by  seven  species  of 
Ceraiwcaris,  and  the  latter  by  the  following  five  genera :  Euryp- 
terus  3  species,  Pterygotus  2  species  and  2  varieties,  Slimoiiia  1, 
Stylonurus  1,  Neolimvlua  1. 

No  less  interesting  are  the  remains  of  a  scorpion  (JPalceophonus) 
and  of  a  myriapod  (Archidesmus  laganensis)  which  have  been  obtained 
from  these  Upper  Ludlow  Bocks,  proving  the  existence  of  air- 
breathers  during  this  period  in  Scotland.  From  the  description  oi 
PaUeophonus  by  Mr.  B.  N.  Peach  it  appears  that  this  organism 
difiered  in  no  essential  features  from  its  living  representatives, 
save  that  the  walking  limbs  terminate  each  in  a  claw-like  spike. 
To  the  narrow  end  of  the  trunk  is  articulated  a  long  tail  of  five 
joints  and  a  poison  gland  with  a  sting  afber  the  manner  of  recent 
scorpions. 

Trtie  brachiopods  number  four  genera  (Athyris,  Orthis,  Rhyncho^ 
ndla,  StrophmeTw) ;  the  lamellibranchs  three  genera  (fitenodoniaf 
Modiolopsia,  OrtJumota) ;  the  gasteropods  are  represented  by  Platy- 
Bciavna  {Troclhus)  Ivelidies ;  and  the  cephalopods  by  several  species 
of  OrthocercLS,  In  the  upper  zones  certain  bands  of  sandy  mud- 
stone  are  crowded  with  specimens  of  PlaiysckisTna  (frockvs) 
hdicites  and  Modiolopsis  camplwnatiLS. 

E 
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The  recent  discovery  of  fishes  in  the  Ludlow  rocks  of  Lanark- 
shire is  of  special  importance.  They  have  yielded  two  species  of 
Thelodus,  together  with  a  fragment  of  another  form  too  imperfect 
for  determination. 

PENTLAND   HILLS. 

Bocks. — ^The  various  inliers  of  Upper  Silurian  strata  in  the 
Pentland  Hills,  which  are  there  completely  surrounded  by  sub- 
divisions of  the  Old  Red  Sandstone,  are  of  great  interest  from 
the  ricb  fauna  furnished  by  the  Wenlock  and  Ludlow  Rocks. 
These  strata  may  be  briefly  tabulated  as  follows : 

5.  Green  sandy  and  red  shales  underlain  by  brown 
sandy  concretionary  bands  with   Platyschisma 
(Trochtts)  simulans. 
4.  Concretionary  brown  sandstone  with  Orthocera^ 

MacLareni. 
3.  Green  and  grey  shales,  mudstones,  and  sandy 
bands.     Bands  D  and  E  of  Henderson    and 
Bro^Ti. 
2.  Massive  sandstones  and  fossiliferous  pebbly  grits. 
1.  Thick  group  of  grey,   green,  red,   and   pui*ple 
shales,  with  occasional  greywackes  and  grits 
containing  the  following  subordinate  zones  in 
the  middle  of  the  series  : 

c.  Buff-coloured  mudstones  (starfish  band). 
h.  Flaggy  micaceous  greywackes  (eurypterid 

band). 
a.  Thin  limestone  with  encrinites  and  corals. 
(Base  of  series  not  seen.) 

Fossils. — ^The  distinctive  paleeontological  feature  of  the 
Upper  Silurian  rocks  of  the  Pentland  Hills  is  the  abundance  of 
brachiopoda  and  of  the  various  groups  of  moUusca.  Indeed,  since 
the  original  observations  of  the  Geological  Survey  the  researches 
of  various  local  investigators,  including  Messrs.  Henderson, 
Brown,  Haswell,  and  others,  have  proved  that  brachiopods,  lamelli- 
branchs,  and  gasteropods  must  have  swarmed  in  that  portion  of  the 
Silurian  sea,  many  forms  being  characteristic  of  Wenlock  and 
others  of  Ludlow  time. 

Of  considerable  importance  also  is  the  occurrence  of  certain 
species  of  praptolites  which,  though  few  in  number,  are  of  zonal 
value  in  defining  the  Wenlock  age  of  the  strata  at  the  North 
Esk  reservoir,  in  the  Gutterford  Bum,  and  at  Habbie's  Howe. 
The  following  genera  and  species  have  been  obtained  from  the 
various  exposures  of  Wenlock  Rocks  in  the  Pentland  Hills :  Mono- 
graptus  colmiusy  M,  Flemingi,  M.  frxodmi^  M,  vomerinus,  Retioliies 
geiniizianus,  IHdyonema  assirmle^  D.  regularBf  D.  retiforme,  D. 
(Chondrites)  verisimUef  Cyrtograpius  Murchisoni  (?). 

The  eurypterid  band  in  the  Wenlock  series  has  yielded  to  the 
researches  of  Mr.  Malcolm  Laurie  four  new  species  of  Eurypterus 
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(E.  emmcuSy  E.  cyclophihalm^is,  E.  scoticuSy  E.  mMww) ;  three  new 
species  of  Stylonurus  (S.  mcuyrophthalmusy  S.  omatuSy  S,  ehgans) ;  and 
one  new  genus  including  three  species,  Dreparu^terus  penllandwuSy 
D.  bembicoideSy  D.  lohattis ;  together  with  a  new  species  of  Slimonia. 
In  addition  to  these  forms,  Slimonia  acuminata  has  been  recorded 
from  the  Upper  Ludlow  Bocks  of  the  North  Esk  section. 

Of  the  other  life-groups,  sponges  are  represented  by  three  genera 
{Amphispongia  1  species,  Plectodermay  Protospongia) ;  corals  by 
eight  genera  (Alveolites  2  species,  Favosites  3,  Heliolites  2,  Lind- 
strdmia  1,  Monticulipora  2,  Petraia  4,  SteTtopora,  Streptelasm4i ; 
the  echinoderms  by  five  genera  (Protastery  PerieschoechinuSy 
PalcpasteTy  Palasterhm.  The  polyzoa  number  four  genera,  Ceriopora 
2  species,  Diaatopora  2,  OUmconome  2,  PtHodidya ;  the  annelids 
two  genera,  Comvlites  and  Serpvlites ;  the  cirripedes  two  genera, 
Antifopsis  1  species,  Turrilepaa  3  species;  the phyllocarid crustaceans 
are  represented  by  Oeratiocarisy  and  the  trilobites  by  four  genera, 
Addaipia  1  species,  Galym^ie  2,  Encrinurvs  2,  Phaccyps  2. 

Of  the  brachiopods  there  are  eighteen  genera :  Athyris  1  species, 
Atrypa  2,  Chonetes  2,  Crania  1,  Cyrtia  1,  Discina  2,  Leptcena  3, 
Lingvla  4,  MeristeUa  1,  Nudeospira  2,  Orbiculoidea  2,  Orthis  9, 
Pholidops  1,  Rhynchonella  4,  Ske7iedium  1,  Spirifera  1,  Si/rophomena 
9,  Whitjieldia  1.  The  lamellibranchs  are  represented  by  twelve 
genera :  Amhonychiu  1  species,  Anodontopsis  4,  Cardiola  2,  Cteno- 
donta  5,  Cucyilella  2,  OoniopJuyi'a  1,  Imnulicardium  1,  MytUiLS  1, 
Modiohpsis  3,  Orthonota  11 ,  Pterinea  5,  TeUiiwmya  1.  The  gastero- 
pods  number  twelve  genera :  Gyrtolites  1  species,  BeUerophon  4, 
Cydonema  1,  Eccidiomphalus  1,  Eiwmphalus  5,  Holopea  1,  HolopeUa 
3,  LoxoneTna  1,  Platyceras  2,  PUdyschifima  3,  PleuroUymaria  2, 
TVemaTio^ti^  1.  The  pteropods  (?)  are  represented  by  three  genera, 
Contdariay  Hyolithes,  Theca ;  and  the  cephalopods  by  Orthoeeras  9 
species,  Lituites  1,  Phragm^ceras  2. 

Conditions  of  Deposition. — The  strata  of  Wenlock 
and  Ludlow  age  at  Straiton,  in  Ayrshire,  in  Lanarkshire,  and  in 
the  Pentland  Hills  imply  a  phase  of  sedimentation  differing  in 
some  respects  from  that  whicn  obtains  in  similar  rocks  along  the 
Southern  Belt  of  the  tableland.  In  the  former  case,  while 
flaggy  shales  and  sandy  *  mudstones  predominate,  the  marine 
fauna  is  richer  and  more  varied;  some  of  the  bands  yielding 
genera  and  species  of  different  life-groups  rivalling  in  number 
those  of  the  prolific  zones  of  Llandeilo,  Caradoc,  and  Llandovery 
age  in  the  Girvan  area. 

DOWNTONIAN. 

n^UEBS  IN   LANARKSHIRE  AND   PENTLAND   HILLS. 

Rocks. — ^The  series  of  strata  grouped  under  the  term 
Downtownian  has  hitherto  been  regarded  as  of  Lower  Old  Red 
Sandstone  age,  owing  to  the  prevalence  of  red  and  yellow 
sandstones  and  shales  which  ai^  the  prominent  feature  of  that 
formation.  The  recent  discovery  by  the  Geological  Survey,  in 
shales  and  mudstones   intercalated  in   these   sandstones,   of  a 
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marine  fauua  >¥hich  in  some  respects  is  identical  with  that  of 
the  underl}dng  Ludlow  Kocks  has  led  to  a  revision  of  the 
classification  hitherto  adopted.  These  passage  beds  are  now 
viewed  as  forming  the  highest  sub-division  of  the  Upper  Silurian 
rocks  (see  page  569).  They  may  be  briefly  tabulated  in 
descending  order  as  follows  : 

Lower  Old  Red  Sandstone,  the  basal  bed  being  a  coarse 
conglomerate  or  conglomeratic  sandstone,  with  pebbles  composed 
mainly  of  greywacke  derived  from  the  Southern  Uplands. 

Unconformability  in  the  Pentland  Hills  and  in  Ayrshire, 
apparent  conformability  in  Lanarkshire. 

r4.  Chocolate-coloured  sandstones. 

3.  Conglomerate  with  quartz  ite  pebbles  derived 

from  the  Highlands. 

2.  Green  and  red    mudstones  with  bands  of 

■n^ .' J  ffreywacke  and  brown  flaffgy  carbonaceous 

Down  toman.     <  \  \        -xi.  ii  i.  j  \     j 

I  shales  with  fishes  and  euryptends. 

1.  Red  and  yellow  sandstones  and  mudstones, 

underlain  in  the  Hagshaw  Hills  by  a  fine 

conglomerate  of  local  occurrence,  resting 

conformably  on  Upper  Ludlow  Rocks. 

Fossils. — The  organic  remains,  which  are  i-estricted  to 
Zone  2  of  the  foregoing  series  of  strata,  consist  of  plants, 
ostracods,  phyllocarid  crustaceans,  eurypterids,  and  fisiies. 

Among  the  fragments  of  plants  obtained  from  this  horizon, 
Mr.  Kidston  has  identified  Pachyiheca  and  one  specimen  as 
belonging  to  the  genus  Parkas  though  of  a  difierent  species  from 
P.  decipiem.  The  ostracods  are  represented  by  Bmfrichia,  a  form 
which  is  common  in  the  Upper  Silurian  rocks  of  the  Southern 
Uplands ;  the  phyllocarid  crustaceans  by  Ceratiocaris,  Most  of  the 
genera  of  eurypterids  found  in  the  Wenlock  and  Ludlow  Rocks  in 
Lanarkshire  and  the  Pentland  Hills,  viz.:  Eurypierus,  Pterygotvs, 
Slimonia,  StylonuruSy  have  been  obtained  from  the  Downtonian 
fish-band  (Zone  2  of  above  Table). 

The  most  striking  palaeontological  feature,  however,  is  the 
remarkable  assemblage  of  fishes  procured  from  this  horizon 
which  are  wonderfully  complete  when  carefully  extracted  from 
the  carbonaceous  shales.  jDr.  Traquair  has  identified  in  the 
collection  of  the  Geological  Survey  five  genera  of  fishes,  four 
of  which  are  new,  and  seven  new  species.  One  genus  (Thelodus) 
is  common  to  the  Upper  Ludlow  Rocks  of  Lanarkshire  and  Wales 
and  to  the  Lower  Old  Red  Sandstone  of  Forfarshire  and  Oban. 

Conditions  of  Depositio n. — The  Downtonian  strata 
indicate  a  marked  change  in  the  phases  of  sedimentation  from 
those  which  obtained  in  Ludlow  and  Wenlock  time  in  the  South 
of  Scotland.  While  it  is  true  that  the  green  mudstones,  grey- 
wackes,  and  brown  carbonaceous  shales  yielding  fossils  resemble 
lithologically  Upper  Silurian  rocks,  still  the  dominant  feature  of 
the  series  as  a  whole  is  red  and  yellow  false-bedded  sandstones. 
It   seems  just  to   infer   that   the  Downtonian   fish-band  and  the 
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associated  mudstones  and  greywackes  are  marine  deposits,  for 
some  of  the  eurypterids  found  in  the  latter  strata  are  the 
associates  of  graptoiites  in  the  Wenlock  Rocks  of  the  Pentland 
Hills,  and  of  brachiopods  {Lingnla  minima)  in  the  Ludlow  Bocks 
of  L^markshire.  Moreover,  the  occurrence  of  the  Polyzoon,  Gfa?«- 
conome,  together  with  Spirorbis  and  sponges,  likewise  points  to  the 
marine  origin  of  some  of  the  Downtonian  strata.  The  red  and 
yellow  false-bedded  sandstones,  on  the  other  hand,  evidently  herald 
those  conditions  w^hich  prevailed  during  Old  Red  Sandstone  time, 
when  the  open  sea  gave  place  to  brackish-water  or  inland  lakes. 

A  further  noteworthy  feature  is  the  abundance  of  pebbles  of 
quartzite  derived  from  the  Highlands,  in  the  conglomerate 
overlying  the  Downtonian  fish-band — ^a  fact  which  suggests  that 
the  Downtonian  sediment  may  still  have  been  derived  chiefly 
from  the  Xorthem  land  area.  The  greywacke  conglomerate  at 
the  base  of  the  Lower  Old  Red  Sandstone  which  extends 
from  the  Pentland  Hills  into  Ayrshire  points  to  the  final 
elevation  and  denudation  of  the  Silurian  tableland;  for  in  the 
Pentland  Hills  this  conglomerate  rests  unconformably  on  the 
folded  and  eroded  edges  of  the  Wenlock,  Ludlow,  and  Down- 
tonian strata,  and  in  Ayrshire  on  the  Arenig  lavas  and  sediments. 

n.  TECTONIC  ARRANGEMENT  OF  THE  STRATA. 

We  have  now  to  describe  briefly  the  present  tectonic  arrange- 
ment of  the  Silurian  rocks  as  produced  by  the  elevation  of  the 
tableland  and  modified  by  prolonged  denudation. 

Period  of  Elevation. — Towards  the  close  of  Downtonian  time, 
and  perhaps  partly  during  earlier  stages  of  that  period,  the 
Silurian  strata  were  subjected  to  enormous  lateral  compression, 
whereby  they  were  thrown  into  a  series  of  folds,  the  axes 
of  which  run  in  a  north-east  and  south-west  direction,  that 
is  at  right  angles  to  the  direction  of  pressure  and  paraUel  to 
the  major  axis  of  the  tableland.  By  means  of  various  denuding 
agencies  this  complex  mass  of  folded  strata  was  greatly 
worn  down.  Reference  has  been  made  in  this  chapter  to 
the  fact  that  local  elevation  aud  erosion  of  Silurian  strata  had 
taken  place  in  Llandeilo,  Caradoc,  and  Llandovery  time,  but 
this  local  ridging  was  insignificant  compared  with  the  elevation 
and  erosion  of  the  broad  tableland  of  the  Southern  T Uplands. 
Though  the  latter  has  been  profoundly  modified  by  denudation 
during  subsequent  geological  periods,  it  is  clear  that  this  plane 
of  erosion  must  have  been  in  process  of  formation  before  the 
deposition  of  those  portions  of  the  Lower  Old  Red  Sandstone  which 
rest  on  the  upturned  and  abraded  edges  of  Silurian  strata. 

Isolation  of  Silurian  Siih^forinations  by  Denudation.  —  One 
striking  result  of  the  elevation  and  erosion  of  the  tableland, 
aided  by  subsequent  powerful  faults,  has  been  to  separate 
various  divisions  of  the  system  which  were  formerly  continuous. 
For  example,  the  Wenlock  and  Ludlow  Rocks  are  restricted  to 
the  Southern  Belt  and  to  the  north-west  margin  at  Straiten,  in 
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Ayrshire ;  wlule  to  the  norUL  of  the  great  bouadu^-  fault  which 
tnincates  the  tableland  ^ey  appear  as  iuliers  in  Lanarkshire 
and  in  the  Fentland  Hills.  Indeed,  from  the  latter  evidence 
it  seems  just  to  infer  that  Wenlock  and  Ludlow  Bocks  extend 
continuously  from  Ayrshire  to  the  Lothians  under  younger 
Palteozoic  strata.  In  like  manner,  the  Tarannon  Rocks  form 
the  greater  portion  of  the  Central'Belt,  being  completely  discon* 
nected  from  strata  of  the  same  age  in  the  Girvan  area,  while 


Flo.  l.—Normal  Folds. 

a.  Symiuatrical  fold. 

b.  Asymmetrical  fold. 

in  the  Northern  Belt  the  greatest  development  of  Lower  Silurian 
rocks  is  to  be  found.  Iirom  these  data  it  is  evident  that  the 
tectonic  centre  of  the  tableland  does  not  lie  midway  between 
its  present  north  and  south  limits,  nor  does  it  coincide  with  the 
existing  watershed  of  the  region,  but  rather  with  the  trend  of 
the  Northern  Belt. 

TYPES  OF  CURVATURE. 

The  dominant  tectonic  feature  of  the  Silurian  tableland  is 
the  extraordinary  plication  of  the  sti-ata,  of  which  striking  proofs 


Phi.  2.— iHOclmal  Folds. 

a.  Simple  isocline. 

6.  laocline  with  thrust  fnult. 

can  everywhere  be  obtained.  Indeed,  so  complicated  is  the 
system  of  folding  and  so  misleading  is  the  apparent  order  of 
succession  that  eJI  hope  of  solving  the  structural  difficulties  of 
the  region  might  be  abandoned,  were  it  not  for  the  key 
furnished  by  the  vertical  distributton  of  the  graptolites.    Various 
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types  of  curvature  are  illustrated  in  the  Southern  Uplands,  which 
may  be  grouped  generally  in  the  following  order : 

1.  Normal  or  symmetrical  folds,  where  the  strata  dip  away 
from  a  central  axis  at  nearly  equal  angles.  Usually 
they  form  sharp  arches,  the  beds  being  highly  inclined. 
A  modification  of  this  type  sometimes  occurs  where 
the  strata  on  one  limb  dip  at  gentle  angles  while  those 
on  the  other  side  are  highly  inclined.     (Fig.  1.) 

2.  Inverted  folds,  where  the  strata  on  both  limbs  of  the 
flexure  dip  in  one  direction,  form  the  dominant  type 
in  the  Southern  Uplands.  Sometimes  the  axial  planes 
of  the  inverted  flexures  are  highly  inclined ;  sometimes 
they  form  an  angle  of  15**  to  30*  with  the  horizon. 
Where  this  system  of  isoclinal  folding  prevails,  and 
where  the  tops  of  the  arches  have  been  removed  by 
denudation,  the  same  zones  may  be  repeated  over  miles 
of  country,  and  thus  give  rise  to  deceptive  estimates  of 
their  thickness.     (Fig.  2  a.) 

8.  Inverted  folds  with  reversed  faults,  where  the  strata  have 
snapped  and  the  beds  of  the  upper  limb  have  been 
thrust  for  a  short  distance  and  made  to  overlie  younger 
rocks.     (Fig.  2  b.) 

''4.  Fan-shaped  folds  ("  fan  structure,"  Heim ;  anticlinorium, 
Dana ;  endocline,  Lapworth  \  pseudo-synclines),  where 
the  primary  fold  is  composed  of  a  series  of  flexures, 
the  axial  planes  of  which  are  vertical  in  the  centre  and 
dif  towards  the  central  axis  on  the  north-west  and 
south-east  sides,  thus  giving  rise  to  a  pseudo-synclinal 
arrangement  of  the  strata.  (Fig.  3  a.) 
5.  Inverted £Gkn-shaped folds (synclinorium, Dana;  exocline, 
Lapworth ;  pseudo-anticlines),  where  the  piimary  fold 
is  composed  of  a  series  of  flexures,  the  axial  planes  of 
which  are  vertical  in  the  centre  and  dip  away  from  the 
central  axis  on  the  north-west  and  south-east  sides, 
thus  producing  a  pseudo-anticlinal  arrangement  of  the 
strata.     (Fig.  3  b.) 

In  the  course  of  his  researches  into  the  complicated  strati- 
graphy of  the  Southern  Uplands,  Professor  Lapworth  recognised 
all  the  foregoing  types  of  curvature,  and  showed  how  they 
explained  many  of  tlie  structural  anomalies  of  the  region.  His 
observations  have  been  confirmed  and  extended  by  the 
subsequent  investigations  of  the  Oeological  Survey. 

STRUCTURAL   FEATURES  OF  THE  SILURIAN  BELTS. 

Southern  Bdt, — ^Along  the  southern  margin  of  the  tableland 
the  Wenlock.and  Ludlow  Rocks  are  repeated  by  innumerable 
isoclinal  folds,  the  axial  planes  of  which  generally  dip  in  a  south- 
east direction.     Though  of  a  limited  thickness,  their  constant 
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repetition  can  be  pi-oved  by  means  of  the  recurrence  of  the 
graptolite-shalee.     (See  Map.) 

Central  Belt. — In  the  tract  between  Dumfries,  Eskdalemuir, 
and  Hawick,  the  strata  (Hawick  Bocks,  Anlwell  beds)  form  an 
inverted  fan-shaped  aeriee  of  folds  (Group  6  of  foref^ing  Table). 
In  tlie  centre  of  the  group  of  composite  folds  the  axial  planes 
are  vertical,  and  on  the  north-west  and  south-east  sidea  they  dip 
away  from  the  central  axis,  thus  forming;  a  pseudo-anticline. 

The  Moffat  Shales  appear  at  the  surface  along  sharp  anticlinal 
folds  usoally  inverted,  which  may  extend  along  the  strike  for 


Pio.  3.— Composite  Folds. 

a.  Fan  structure  (Heim),  AntiolJnorium  (Dmu>.) 
6.  Synclmorium  (Dann.) 

several  hundred  yardtt  or  a  few  miles,  the  strata  on  either  side 
being  of  Tarannon  age.     The  total  thickness  of  the  black  shale 

series  (Upper  Llandeilo,  Caradoc,  Llaudoverj'}  does  not  exceed 
300  feet,  while  that  of  the  Tarannon  Hocks  may  be  about  40UU 
feet.  By  constant  reduplication  these  rock-groups  covei-  a  belt 
of  country  twenty-five  miles  wide.  In  the  region  between 
MofFat  and  Tweedsmiiir  and  Beattock  Summit — a  distance  of 
about  ten  miles — the  prevalent  dip  of  the  axial  planes  of  the 
isoclinal  folds  is  towards  the  north-west. 


Fio.  4.     Section   uf  BirkhiU  Itlock  Slmlea  exposed  in  Garpol  Bum,  ne»r 
Mofiat.  nhnwing  reduplication  of  strnta  hy  folding  nnd  faulting. 

As  might  be  expected,  the  Molfat  Shales  have  been  compressed 
into  minute  folds  or  wrinkles,  which,  in  mauy  instances,  are 
accompanied  by  reversed  faults.  (Fig.  4.)  Professor  Lapworth 
proved  the  existence  of  the  latter  in  the  Selcoth  Bum 
and  other  sections  in  the  Mofiat  region.  In  the  case  of  the 
inverted  fold  at  Ettrickbridge-end,  Selkirkshire,  the  south- 
eastern limb  has  been  truncated  by  a  reversed  fault  (Fig.  20),  whereby 
the  radiolarian  cherts  have  been  made  to  overlie  the  Tarannon 
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flags  and  shales.  But  though  reversed  faults  are  not  infrequent, 
there  is  here  no  evidence  of  great  horizontal  displacement  as  in 
the  North-west  Highlands.     (See  Map.) 

Northern  Belt, — In  the  tract  between  Nithsdale  and  Eddleston, 
in  Peeblesshii-e,  there  is  a  remarkable  development  of  Arenig 
volcanic  rocks,  radiolarian  cherts,  and  Glenkiln-Hartfell  shales 
which  are  constantly  repeated  by  folding  of  the  strata.  Here 
the  lavas  appear  in  the  cores  of  the  anticlines,  forming  exposures, 
which  measure  sometimes  only  a  few  square  yards  in  extent, 
and  sometimes  several  hundred  yards  in  len^h.  Wherever  a 
sufficiently  low  portion  of  the  Silurian  succession  is  laid  bare  by 
denudation  the  Arenig  volcanic  rocks  invariably  appear.  A 
glance  at  the  geological  map  of  the  Southern  Uplands  shows 
how,  between  Broughton  and  Leadbum,  the  great  fault  bounding 
the  northern  margin  of  the  tableland  truncates  fold  after  fold  of 
Lower  Silurian  strata  with  the  Arenig  lavas  in  the  heart  of  the 
anticlines.  Indeed,  the  radiolarian  cherts  and  overlying  black 
shales,  which  are  sometimes  so  reduplicated  as  to  form  a  con- 
tinuous outcrop  across  the  strike  for  about  a  mile,  are  hei-e  but  a 
thin  veneer  concealing  the  underlying  volcanic  platform  (see 
Figs.  59  and  60).  While  this  volcanic  series  is  exposed  on  numerous 
anticlines  in  the  Northern  Belt,  it  must  have  a  wide  extension 
throughout  the  Southern  Uplands,  for  it  has  been  followed  from 
Girvan  to  Glenluce,  from  a  point  near  Dalmellington  to  Trow- 
dale,  near  Castle-Douglas,  ana  again  far  to  the  north-east  in  the 
Moorfoot  Hills.  In  short,  it  has  been  traced  for  a  distance  of 
about  100  miles  from  south-west  to  north-east  over  a  part  of  the 
tableland  sometimes  thirty  miles  wide.  If  we  assume  that  the 
Arenig  volcanic  series  is  continuous  within  these  limits,  then 
the  area  which  it  covers  must  be  at  least  about  1500  square 
miles.     (See  Map.) 

Evidence  has  recently  been  obtained  in  the  course  of  the 
Geological  Survey  of  the   Eastern  Highlands  which  probably 

foints  to  an  even  greater  extension  of  the  Arenig  volcanic  rocks, 
gneous  rocks  and  radiolarian  cherts  have  been  recognised  along 
the  Highland  border,  by  Mr.  George  Barrow  between  Cortachy, 
in  Fortiarshire,  and  Stonehaven ;  by  Mr.  C.  T.  Clough  and  Mr. 
J.  R.  Dakyns  between  Callander  and  Loch  Lomond.  The  results 
of  their  work  are  thus  briefly  summarised  by  the  Director- 
General  :  "  For  the  purpose  of  our  present  inquiry  two  chief 
features  of  interest  are  presented  by  these  rocks.  They  include 
a  group  of  sedimentarj'^  strata  among  which  occur  bands  of  ja^sper 
or  chert  containing  radiolaria,  and  one  of  their  most  conspicuous 
members  is  a  series  of  volcanic  rocks,  consisting  chiefly  of 
dolerites  and  basalts,  some  of  which  have  been  crushed  and 
cleaved,  but  in  which  vesicular  structures  can  still  occasionally 
be  recognised. 

"The  striking  resemblance  of  both  the  aciueous  and  igneous 
members  of  this  marginal  strip  of  rocks  along  the  Highland 
border  to  lie  Arenig  cherts  and  their  accompanying  lavas  of  the 
South  of  Scotland,  the  remarkable  association  of  the  same  kind 
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of  material  in  tlie  same  order  of  be<^ueuce,  the  occurrence  of 
radiolaria  in  the  siliceous  bands  in  both  regions,  furnish  strong 
presumptive  evidence  that  a  strip  of  Arenig  Rocks  has  been 
wedffed  against  the  Highland  schists.     .     .     . 

''The  distance  between  the  last  Arenig  volcanic  outcrop  in 
the  Southern  Uplands  and  the  band  of  similar  lavas  along  the 
margin  of  the  Highlands  is  about  50  miles.  If  the  volcanic 
ejecuons  were  continuous  across  the  intervening  tract,  the  total 
area  over  which  the  lavas  and  tuffs  of  the  Arenig  volcanoes  were 
distributed  must  be  increased  by  at  least  6000  square  miles  in 
Scotland."  * 

The  radiolarian  cherts  which  invariably  accompany  the 
Arenig  volcanic  rocks  have  a  greater  visible  extension  in  Scot- 
land than  that  of  the  associated  lavas,  for  they  have  been  traced 
along  the  Highland  border  and  across  the  Southern  Uplands  to 
Gleming,  Wigtownshire,  and  south-eastwards  to  Ettrickbridge- 
end  and  Goldshiels  Loch,  near  Melrose.  The  same  zone  has 
been  recently  recognised  by  the  Geological  Survey  of  Ireland 
among  the  Silurian  rocks  oi  that  country,  so  that  it  must  have 
extended  far  to  the  south-west  of  the  present  limits  of  the 
Scottish  Silurian  areas.  For  example,  they  occur  at  various 
localities  in  the  eastern  counties,  where  they  are  accompanied  by 
black  or  dark  shales,  yielding  Llandeilo  or  Arenig  graptolites. 
Far  to  the  west,  at  Tourmakeady,  on  Lough  Mask,  they  have 
been  detected  with  black  shales  of  Lower  Llandeilo  or  Arenig 
age ;  t  while  at  Pomeroy  they  appear  in  association  with  volcanic 
rocks  like  the  exposures  along  the  eastern  border  of  the  High- 
lands of  Scotland.  They  have  been  found  still  in  great  force  in 
the  Slieve  Bemagh  mountains,  at  the  extreme  south-western  limit 
of  the  exposed  Lower  Silurian  rocks  of  the  British  Isles. 

In  the  central  portion  of  the  Northern  Belt  (Leadhills  and 
Abington)  there  is  a  striking  example  of  "  fan  structure,"  where 
in  the  centre  of  the  primary  fold  the  strata  are  folded  on  vertical 
axes  while  the  axial  planes  dip  inwards  on  the  north-west  and 
south-east  sides,  thus  producing  a  pseudo-syncline.  A  glance 
at  the  horizontal  sections  of  that  region  (see  Sections  1,  2, 3  on  Index 
Map)  will  show  how  strata  not  exceeding  from  200  to  300  feet  in 
thickness  have  been  so  compressed  as  to  form  continuous  outcrops 
more  than  a  mile  across.  Along  the  south-east  side  of  the  fan, 
the  Lowther  shales  (Upper  Oaradoc)  plunge  underneath  the 
Ai-enig  chei-ts  and  GlenKiln-Hai-tfell  black  shales,  with  an 
inverted  dip.  In  like  manner,  on  the  north  side,  along  the 
margin  of  the  tableland,  the  general  dip  of  the  strata  is  to  the 
south-east.  These  inversions  can  be  traced  along  the  northern 
border  to  the  Girvan  area,  where,  in  Penwhapple  Glen,  the 
Tarannon  Rocks  dip  south-east  underneath  the  Llandovery 
strata,  and  the  latter  appear  to  underlie  Caradoc  beds. 

InJiers. — In  the  midst  of  the  younger  Palaeozoic  rocks 
interesting   structural  features   occur  in  connection    with    the 

*  "Ancient  VolcanoeM  of  Great  Britain."    Vol.  I.,  P.  iiOl- 

t  Annual  Report  of  the  Geological  Survey.     1897.     rages  48-49. 
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Silurian  "  inliers."  For  example,  in  the  case  of  the  Lesmahagow 
anticline  in  Lanarkshiie,  the  Ludlow  and  Wenlock  Bocks  on  the 
north  limb  of  the  fold  dip  away  from  the  central  axis  at  angles 
of  25°,  while  those  on  the  south  limb  are  more  highly  inclined 
and  are  abruptly  truncated  by  a  normal  fault.  This  type  of 
flexure  is  evidently  the  incipient  stage  of  an  inverted  fold,  for 
only  a  few  miles  to  the  south  the  Ludlow  Hocks  reappear  in  the 
Hagshaw  Hills  along  an  inverted  arch  which  culminates  in  a 
reversed  fault.     (See  Figs.  1 1 8  and  1 19.) 

MODIFICATION  OF  OUTCROP  BY   PITCH  OF  FOLDS. 

Among  the  highlv  convoluted  rocks  of  the  Silurian  tableland 
curious  structural  features  arise  from  the  modification  of  out- 
crop by  pitch  of  folds.  The  pitch  of  any  anticlinal  fold  may 
be  defined  as  the  angle  of  inclination  which  the  long  axis  of  that  arch 
makes  with  the  horizon.  Many  of  the  inverted  folds  are  merely 
elongated  domes,  which  at  their  north-east  and  south-west  limits  pass 
underneath  overlying  strata.  In  the  Northern  Belt  it  sometimes 
happens  that  along  the  same  line  of  strike,  owin^  to  the  high  pitch  of 
the  folds,  strata  are  exposed  in  the  valleys  which  are  geologically 
higher  than  those  on  the  adjoining  hills.  For  example,  in  the 
Abington  area  of  the  Northern  Belt  the  radiolarian  cherts 
frequently  form  lofty  ground,  while  in  the  same  line  of  strike 
the  overlying  Glenkiln-Hartfell  Shales  appear  in  the  valleys. 

Conversely,  it  happens  that  along  the  same  line  of  strike  strata 
may  be  exposed  on  the  low  ground  which  are  geologically  lower 
than  those  on  the  adjoining  heights.  For  instance,  in  the  fine 
section  of  the  Moffat  series  m  Morroch  Bay,  south  of  Fortpatrick 
(Fig.  98),  the  highly  corrugated  black  shale  series  forms 
nearly  the  whole  of  the  bay,  while  the  adjoining  lofty  cliff  is 
mainly  composed  of  the  overl}ang  shales,  flags,  ana  greywackes. 

SCHISTOSITY   AND  CLEAVAGE. 

In  consequence  of  the  great  lateral  pressure  to  which  the 
strata  have  oeen  subjected,  schistosity  and  cleavage  have  been 
superinduced  on  the  rocks  in  certain  are&s.  These  structures 
ai'e  restricted  to  certain  belts  or  zones  where  probably  the 
mechanical  strain  producing  interstitial  movement  has  been 
most  intense. 

A  prominent  nanow  belt  of  schistose  rocks  extends  from  New 
Galloway,  north-east  by  Moniaive  and  the  Dalveen  Pass,  to  the 
watershed  between  Nether  Howecleuch  on  the  Eyan  Water  and 
Little  Clyde.  This  belt  lies  at  the  southern  edge  of  the  great 
fan  in  the  northern  section  of  the  tableland,  where  the  axial 
planes  are  inclined  to  the  north-west.  Though  microflaser 
structure  has  here  been  developed  in  the  grits  and  greywackes, 
yet,  from  Mr.  Teall's  observations,  it  appears  that  "peripheral 

Sanulation,  so  common  in  the  gneissose  grits  of  the  Southern 
ighlands,  is  entirely  absent."     It  is  worthy  of  note  that  the 
rocks  showing  exti*eme  phases  of  contact  alteration  near  the 
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granite  of  New  Galloway,  described  by  Miss  Gardiner,  occur 
within  this  belt  of  schistosity. 

Again,  within  the  Northern  Belt,  near  the  head  of  Menock 
Water,  south  of  Wanlockhead,  there  is  a  small  area  where  the 
Arenig  igneous  rocks,  the  cherts,  and  black  shales  have  all  been 
cleaved  and  where  no  fossils  can  be  obtained  to  prove  the  horizon 
of  the  strata.  Cleavage  has  also  been  superinduced  in  the 
Silurian  strata  on  Ettrick  Pen,  on  the  north  side  of  the  inverted 
fan  (pseudo-anticline)  of  the  Hawick  Rocks,  and  in  the  Hawick 
and  Wenlock  Rocks  of  Kirkcudbright  and  other  localities  along 
the  southern  margin  of  the  tableland. 

INTRUSIVE  IGNEOUS   ROCKS  EARLIER  THAN   THE   UPPER  OLD 

RED   SANDSTONE. 

After  their  plication,  cleavage,  and  denudation,  but  before  the 
deposition  of  the  Upper  Old  Red  Sandstone,  the  Silurian  strata 
of  the  Southera  Uplands  were  invaded  by  various  eruptive  rocks 
which  now  form  prominent  geological  features  in  the  tableland. 
The  largest  of  these  plutonic  masses  (1,  Oriffel  and  Dalbeattie ; 
2,  Caimsmore  of  Fleet ;  3,  Loch  Dee)  occur  in  Galloway,  where 
they  cover  many  square  miles  of  ground,  but  minor  bosses  appear 
at  intervals  across  the  chain  from  the  headlands  of  Berwickshire 
to  the  Portpatrick  coast-line.  As  examples  of  these  smaller  pro- 
trusions, reference  may  be  made  to  the  bosses  at  Kirkmaiden, 
near  the  Mull  of  Galloway  ;  at  Bumhead,  north-west  of  Dairy ; 
at  Cairnsmore  of  Carsphaim,  Knipe  Hill,  south  of  New  Cum- 
nock; Spango  Water,  north  of  Sanquhar;  Cockbum  Law  and 
Priestlaw  in  the  Lammermuir  Kills,  and  the  Dirrington  Laws 
in  Bei-wickshire.  In  addition  to  these,  there  are  numerous 
dykes  radiating  from  the  large  plutonic  masses  and  likewise 
appealing  in  groups  and  isolated  veins  throughout  the  length 
and  breadth  of  the  tableland. 

From  the  researches  of  Mr.  Teall,  which  will  be  more  fullv 
given  in  Chapt4»r  XXVI.,  it  appears  that  the  numerous 
granitic  protrusions  throughout  the  Uplands  all  belong  to  one 
petrographical  province.  The  main  portion  of  the  Criffel  mass 
is  a  hornblende-granitite,  containing  basic  inclusions  of  diorite, 
both  being  traversed  by  aplite  veins  of  orthoclase  and  quartz. 
This  dominant  type  is  associated  with  quartz-diorites  of  the 
tonalite  type.  Both  the  honiblende-gi'anitites  and  quartz- 
diorites  sometimes  contain  a  nearly  colourless  augite,  thus  giving 
rise  to  quartz-augite-dioritos.  Mr.  Teall  further  shows  that  tne 
Loch  Dee  mass  is,  petrographically,  intermediate  between  that 
of  Ciiffel  and  that  of  Caimsmore  of  Fleet,  comprising  quartz- 
mica-diorites,  homblende-biotite-granites,  and  biotite-granites  or 
grauitites,  the  most  acid  rock  being  a  granitite  with  microcline. 
He  has  also  identified  a  group  of  rocks  termed  hyperites, 
representing  the  most  basic  facies  of  the  granitic  magma  in  the 
Loch  Dee  area.  On  the  other  hand,  the  dominant  rock  of  the 
Cairnsmore  of  Fleet  mass  is  granitite  with  microcline,  which 
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forms  only  a  subordinate  part  of  the  Lcx^h  Dee  mass  and  has 
not  yet  been  detected  in  the  Ciiffel  area. 

While  the  granite  occurs  mainly  in  its  usual  massive  form  in  the 
various  protrusions,  there  is  one  region,  on  the  eastern  slo])es  of 
CrifFel,  where  it  has  a  marked  foliated  character.  The  evidence 
obtained  in  the  field  points  to  the  conclusion  that  the  foliation 
must  have  been  superinduced  on  the  massive  granite  after  it 
had  reached  its  present  position  and  after  the  formation  of  the 
acid  veins.  For  the  homblende-granitit^,  quartz-diorite,  the 
basic  inclusions,  and  the  aplite,  pegmatite,  and  quartz-veins  have 
been  foilated  in  one  common  direction.  The  general  trend  of 
the  foliation  in  that  region  is  north-east  and  south-west,  in 
accordance  with  the  general  strike  of  the  Silurian  rocks,  the  dip 
of  the  foliation  planes  being  in  the  same  direction  as  that  of  the 
altered  sediments.  It  is  obvious,  therefore,  that  these  secondary 
structures  have  been  developed  in  this  portion  of  the  granite 
mass  of  Criffel  by  dynamic  action  connected  with  earth-movements. 

After  the  development  of  the  foliation,  the  foliated  granite  was 
injected  by  a  well-marked  series  of  dykes  of  the  same  character 
and  composition  as  some  of  those  traversing  the  normal  granite 
and  the  contact  zone  of  Silurian  sediments. 

The  numerous  dvkes  radiating  from  the  gi*anite  masses  and 
occurring  throughout  the  Silurian  tableland  comprise 
porphyrites,  diorites  of  the  camptonite  type,  mica-traps,  and 
hyperites. 

CONTACT   METAMORPHISM. 

Striking  evidence  is  obtained  of  the  contact  alteration  of  the 
Silurian  sediments  by  the  granitic  masses.  The  principal  minerals 
of  the  altered  strata,  as  given  by  Mr.  Teall,  are  quartz,  biotite, 
white  mica,  garnet,  andalusite  (including  chiastolite),  sillimanite, 
felspar,  graphite,  pyrite,  rutile,  tremolite,  and  malacolite.  Owing 
to  the  variable  nature  of  the  sediments  trancated  by  the  granite 
masses,  the  aureoles  of  metamorphism  cannot  be  divided  into 
concentric  zones,  based  on  one  type  of  rock.  But  in  some 
instances  it  is  possible  to  trace  particular  zones  along  the  strike 
to  their  junction  with  the  granite,  and  thereby  follow  the 
different  stages  in  the  alteration  of  the  sediments.  By  this 
method  Miss  Gardiner  has  proved  that  the  Silurian  grits  pass 
at  the  granite  junction  on  Knocknairling  Hill,  New  Galloway, 
into  gamet-sillimanite-homfels.  The  black  shales  also  pass 
into  graphite-schists  with  andalusite  and  chiastolite ;  the  crypto- 
crystalline  radiolarian  chert  into  coarsely  crystalline  qucu*tz- 
rock,  the  latter  being  accompanied  by  the  development  of 
minute  biotite. 

In  like  manner  Mr.  Teall  has  shown  that  the  Arenig  lavas, 
and  in  one  instance  near  the  edge  of  the  Cairnsmore  of  Cars- 

Ehaim  mass,  the  intrusive  ophitic  dolerites,  have  been  altered 
V  the  granitic  protrusions,  the  minerals  of  the  former  being 
almost  wholly  of  secondary  origin. 
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It  is  liighly  probable  that  the  granitic  masses  of  the  Southern 
Uplands  and  tneir  apophyses  may  represent  the  plutonic  rocks 
of  the  volcanic  period  of  the  Lower  Old  Red  Sandstone.  On 
the  one  hand  they  traverse  sediments  of  Llandovery,  Wenlock, 
and  Ludlow  age,  and  on  the  other  hand  they  must  be  older  than 
Upper  Old  Red  Sandstone  time,  for  strata  of  the  latter  period 
rest  unconformably  on  Upper  Silurian  rocks  pierced  by 
apophyses  of  the  granite.  It  is  further  evident  (Explanation  of 
Sheet  5,  one-inch,  p.  29)  that  the  sediments  under  which  the 
granite  lay  buried  must  have  been  removed  and  the  igneous 
rocks  exposed,  before  the  formation  of  the  beds  of  arkose,  grit, 
and  conglomerate  which  are  such  a  conspicuous  feature  in  the 
Lower  Carboniferous  series  of  the  Colvend  and  Rerwick  shores. 

EXCAVATION   OF  THE   VALLEY   SYSTEM. 

It  is  foreign  to  our  present  purpose  to  trace  the  development 
of  the  valley  system  of  the  Southern  Uplands,  which  everywhere 
shows  abundant  proofs  of  sub-aerial  erosion.  But  a  brief  refer- 
ence is  necessary  to  show  that  while  the  existing  topography 
dates  from  Tertiary,  and  even  post-Tertiary  time,  some  of  the 
valleys  extend  back  to  ancient  geological  periods  when  they 
were  filled  with  younger  Palseozoic  deposits.  Lauderdale  may 
be  taken  as  an  example  of  those  transverse  hollows  which 
traversed  the  tableland  in  Upper  Old  Red  Sandstone  time,  when 
the  conglomerates  and  sandstones  were  there  laid  down  which 
are  now  being  eroded  by  the  Leader  Water.  Nithsdale  and 
Loch  Ryan  represent  pre- Carboniferous  hollows,  since,  along 
the  valley  of  the  Nith  and  round  the  western  shore  of  that  loch, 
relics  of  Carboniferous  strata  are  still  to  be  found.  And  when 
we  reflect  that  Annandale  is  floored  with  breccia  and  sandstone 
which  are  provisionally  referred  to  the  Permian  period,  and 
that  similar  deposits  rest  unconformably  partly  on  Carboniferous 
and  partly  on  Silurian  strata  in  Nithsdale  and  Loch  Ryan, 
successive  phases  in  the  evolution  of  the  valley  system  are 
strikingly  apparent.  And  yet,  the  main  features  of  the  existing 
valley  system  must  be  of  much  more  recent  date.  From  the 
relations  of  the  Tertiary  dykes  which  cross  mountain  and  valley 
without  interruption,  and  traverse  alike  Silurian  and  all  younger 
Palaeozoic  rocks,  it  is  obvious  that  the  valleys  must  have  been 
excavated  since  the  eruption  of  these  dykes.  Thus  we  learn 
that  onlv  after  prolonged  denudation,  during  successive 
geological  periods,  the  Southern  Uplands  have  acquired  their 
present  topographical  features. 
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Table   showing   relative   thicknesses  of    Silurian   Strata  in   the 

South  of  Scotland. 
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CHAPTER  IV. 

Petrography  of  the  Igneous  Rocks  in  the  Lower  SUttrian  Formations 

of  the  SotUhem  Uplands. 

m 

Lavas  and  toffs  of  basic  and  intermediate  composition  occur 
in  the  neighbourhood  of  Ballantrae  (Sheet  7)  and  in  that  of 
Sanquhar  (Sheet  16).  The  petrographical  description  of  the 
rocks  is  attended  with  considerable  difficulty  on  account  of  the 
extensive  alteration  to  which  they  have  been  subjected  and  the 
consequent  unsatisfactory  state  of  preservation  of  the  specimens. 

The  rocks  which  undoubtedly  occur  as  lavas  in  both  localities 
are  usually  dark  green,  more  rarely  purple  in  colour.  Two  fairly 
well  marked  types  may  be  recognised,  but  they  are  connected 
by  more  or  less  ill-defined  transitional  forms.  The  one  type  is 
a  compact,  dark  green,  non-porphyritic  rock,  often  contauiing 
numerous  small  spherical  amygdules,  which  usually  measure 
about  2  or  3  mm.  in  diameter ;  the  other  is  markedly  porphyritic, 
containing  large  ciystals  of  more  or  less  altered  plagioolase 
embedded  in  a  dark  green  matrix. 

These  two  types  would  be  termed  respectively  diabase  and 
diabase-porphyrite  by  German  petrographers.  Specimens  of 
the  latter  type  often  bear  a  close  resemblance  to  the  well-known 
"  porfido  verde  antique."  (See  Plate  AVlll.,  Fi^s.  1  and  2 ; 
Plate  XIX.,  Fig.  2.) 

Both  types,  as  well  as  the  intermediate  varieties  with  scattered 
and  often  inconspicuous  phenociysts  of  felspar,  were  in  the  first 
instance  probably  composed  of  plagioclase,  augite,  iron-ores,  and 
a  variable  quantity  of  imperfectly  crystallised  interstitial  matter. 
Augite  may  now  be  detected  in  some  specimens,  but  it  has  often 
entirely  disappeaired.  Only  one  generation  of  this  mineral 
appears  to  have  been  present  in  the  majority  of  the  true  lavas ; 
but  the  tuffs  contain  large  idiomorphic  crystals  similar  in  form  and 
size  to  those  which  may  be  picked  up  on  the  slopes  of  Stromboli, 
and  also  rock-fragments  in  which  similar  crystals  occur  as 
phenocrysts. 

When  two  generations  of  plagioclase  occur,  the  phenocrysts 
are  more  basic  than  the  constituents  of  the  ground-mass.  The 
former  occur  as  thin  or  thick  tables  and  sometimes  as  crvstalline 
groups.  They  are  often  completely  decomposed,  and  sometimes 
possess  a  green  colour  in  consequence  of  the  presence  of  chlorite. 
The  felspars  of  the  ground-mass  of  the  "  diabase-porphyrites " 
and  of  the  non-porphyritic  "  diabases  "  occur  either  as  microlites, 
or  in  forms  giving  the  ordinary  lath-shaped  sections.  The 
micmlitic  forms  are  especially  characteristic  of  the  lavas  with 
*' pillow-structure,"    in    which    porphyritic    crystals    are    com- 
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pai^atively  rare ;  the  lath-shaped  sectious  ai*e,  on  the  other  hand, 
more  characteristic  of  the  rocks  containing  conspicuous 
phenocrysts  of  felspar. 

Chlorite  and  carbonates  are  present  in  sreat  abundance.  They 
occur  scattered  through  the  rocks,  and  also  in  veins  and  as  the 
infilling  material  of  many  of  the  amygdaloids. 

The  lavas  with  "pillow-structure"  are  of  special  interest, 
because  rocks  of  the  same  general  character,  and  possessing  this 
remarkable  stnicture,  have  been  found  associated  with  radio- 
larian  cherts  of  different  ages  and  in  such  widely  separated 
localities  as  the  Southern  Uplands  of  Scotland,  Cornwall,  Saz:ony, 
and  California.*  A  specimen  from  Gatelochside  Bum,  near 
New  Cumnock,  may  be  selected  as  a  type  of  this  class  of  lava. 
It  was  taken  from  the  outer  portion  of  one  of  the  pillow-like 
m&sses,  and  is  a  greenish-grey,  nne-grained  rock  containing  small 
spherical  vesicles,  filled  with  calcite.  Under  the  microscope  the 
i-ock  is  seen  to  be  composed  of  long  slender  microlites  of  felspar, 
chlorite,  carbonates,  and  ii*on-ores.  Granular  augite  was 
probably  present,  but,  if  so,  it  has  entirely  disappeared.  There 
was  doubtless  also  a  small  quantity  of  interstitial  matter.  The 
microlites  of  felspar  are  often  curved,  and  sometimes  arranged 
with  their  long  axes  more  or  less  parallel  to  each  orher,  in 
consequence  of  diiSerential  movements  in  the  magma  before  final 
consolidation.  Flow-structure,  is,.: not,  however,  a  character  of 
the  rock  as  a  whole.  Those  microlites  which  lie  in  the 
immediate  neighbourhood  of  an  amygdule  show  a  tendency  to 
arrange  themselves  tangentially  with  respect  to  the  wall  oi  the 
original  cavity.  All  the  microlites  give  approximately  straight 
extinction  and  possess  a  refractive  index  closely  agreeing  with 
that  of  hard  balsam.     They  are,  therefore,  oligoclase. 

An  analysis  of  this  rock  is  given  below,  together  with  that  of 
the  "  spheroidal  basalt "  from  Point  Bonita,  near  San  Francisco, 
described  by  ilr.  Leslie  liaiisome.t  It  is  interesting  to  note 
that  the  latter  rock  is  also  associated  with  radiolarian  cherts 
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*  On  Greenstones  associated  with  Radiolarian  Cherts.  By  J.  J.  H.  Teall.  Roy.  (jeo.. 
t;k>c.,  Cornwall.    1894.     Page  3. 

+  The  Eruptive  Rocks  of  Point  Bonita.  University  of  California.  Bull.  De))art, 
Geol.    Vol.  I.,  p.  106. 
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L  Amygdaloidal  "diabase,"  Gatelocliside  Burn,  near  New 
Cumnock.  Specimen  taken  from  outer  portion  of  one 
of  the  pillow-like  masses. 

II.  Spheroidal  basalt  from  exterior  portion  of  a  large  spheroid. 
Point  Bonita,  California. 

The  rock  from  Point  Bonita  bears  a  very  close  resemblance 
to  that  from  New  Cumnock  both  as  regards  macroscopic  and 
microscopic  characters.  Both  rocks  show  the  same  '^  pillow- 
structure,"  both  contain  spherical  amygdules  of  about  the  same 
size,  in  both  the  amygdules  are  more  common  in  the  outer 
portions  than  in  the  centres  of  the  pillow-like  masses,  both  are 
associated  with  radiolarian  cherts,  and  both  have  the  same 
mineralogical  composition  and  microscopic  structures.  Under 
these  circumstances  it  is  interesting  to  note  that  they  possess 
marked  chemical  affinities.  The  special  feature  is  the  high 
percentage  of  alkalies,  7*4  in  both  rocks,  as  compared  with  the 
low  percentage  of  silica. 

Omer  specimens  of  the  pillow-lavas,  both  from  the  Ballantrae 
and  Sanquhar  areas,  agree  in  general  characters  with  the  one 
selected  as  typical  of  the  group.  The  principal  difEexences  arise 
from  the  occasional  presence  of  micro-porpnyritic  felspars  and 
the  more  pronounced  development  in  some  rocks  of  interstitial 
matter  containing  grains  or  rods  of  iron-ore  and  extremely  minute 
felspar-miqrolites.  In  some  cases  the  amygdaloidal  cavities 
have  been  wholly  or  partially  filled  with  this  interstitial  matter. 
In  one  case  tufi'aceous  fra^^ents  were  observed  in  a  section 
prepared  from  a  specimen  taken  from  tiie  interior  of  one  of  the 
'"pillows."  This  points  to  the  conclusion  that  the  pillow-like 
masses,  in  rolling  over,  incorporated  scoriaceous  fragments  which 
either  fell  upon  the  stream  or  were  formed  by  the  breaking  up 
of  portions  of  the  stream  itself. 

The  pillow-lavas  above  described  present  many  points  of 
resemblance  to  the  variolitic  diabases  of  Mont  Gen6vre.  In 
speaking  of  these  rocks,  Messrs.  Cole  and  Gregory*  say :  "  The 
''  most  striking  character  of  the  compacter  series  is  a  tendency 
^^to  spheroidal  jointing.  Sometimes,  as  among  the  crags 
"  forming  the  east  side  of  the  Chenaillet  valley,  south  of  Mt.  La 
''Plane,  the  spheroids  appear  piled  regularly  one  above  the 
''other,  forming  walls,  as  it  were,  which  are  divided  by  con- 
''  spicuous  vertical  joints ;  but  the  structure  is  more  commonly 
''irregular,  the  masses  resembling  pillows  or  soft  cushions 
"pressed  upon  and  against  one  another,  each  cUff  face  thus 
"exhibiting  a  number  of  swelling  surfaces  and  curving  lines 
"of  junction.  Examined  more  closely,  small  vesicles  are  seen 
"  in  these  rude  spheroids,  especially  toward  the  margins ;  and 
"  in  some  places,  as  on  the  east  of  Mt.  La  Plane,  the  whole  rock 
"  becomes  vesicular  and  slaggy.  The  surfaces  of  the  masses  are 
"  covered  by  a  crust  of  varioUte,  from  1  to  7  or  8  centim.  thick." 

*  The  Variolitic   Rocka  of  Mont  GtenJ^vre.      Quart.  Jour.  Geol.  Soc.      Vol  XLVI. 
(1890),  p.  311), 
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Yariolitic  rocks  have  not  as  yet  been  found  in  the  Ballantrae 
and  Sanquhar  areas,  but  it  is  clear  £rom  this  quotation  that  the 
conditions  which  led  to  their  formation  at  Mt.  Gen^vre  have 
been  closely  approximated  to  in  those  regions.  It  is  interesting 
to  note  that  at  Ballantrae,  in  Coniwall,  and  at  Mt.  Gendvre, 
diabasic  lavas  with  pillow- structure  occur  in  the  immediate 
neighbourhood  of  gabbro  and  serpentine,  and  that  in  all  three 
localities  some  difficulty  is  experienced  in  determining  the 
precise  relations  of  the  plutonic  and  volcanic  rocks. 

The  rocks  of  the  "  diabase-porphyrite "  type  do  not  require 
detailed  description.  (Plate  XIX.,  i'ig.  2.)  The  large  felspars,  which 
are  always  so  much  altered  as  to  make  identification  difficult  or 
impossible,  are  sometimes  embedded  in  a  gi'ound-mass  similar  to 
that  of  the  rock  above  described,  and  sometimes  in  one  which  is  more 
coarsely  crystalline.  In  the  latter  case  augite  is  often  preserved, 
the  felspars  are  lath-shaped,  not  microlitic,  and  the  iron-ores  are 
represented  by  plates  of  ilmenite. 

The  mnroclastic  rocks  which  are  associated  with  the  lavas,  both 
in  the  Ballantrae  and  Sanquhar  areas,  are  composed  of  crystals, 
crystal-fragments,  and  lapilli  derived  partly  from  lavas  similar 
to  those  above  described,  and  partly  irom  rocks  of  a  different 
character  which  have  not  been  obsei'ved  in  the  form  of  lavas. 

The  common  type  of  lava  does  not  contain  phenocrysts  of 
augite  and  hornblende,  but  the  tuffs  of  Bail  Hill,  near  Sanquhar, 
have  been  largely  formed  by  the  breaking  up  of  a  magma  in 
which  crystals  of  these  minerals,  often  measuring  more  than 
^inch  in  diameter,  had  separated  out. 

These  augitic  and  hornblendic  tufis  are  dark  green,  often 
almost  black  in  colour,  and  it  is  frequently  difi&cult  to  recognise 
their  tuSaceous  character  in  the  hand  specimen.  The  black 
crystals  of  augite  sometimes  project  from  the  freshly-broken 
surface.  Their  angles  are  often  quite  sharp,  and  the  forms 
observable  are  those  of  the  clinopinacoid  (010),  orthopinacoid 
(100),  prism  (110),  and  the  positive  hemipyramid  (111).  Under 
the  microscope  ilie  sections  of  this  mineral  are  yellow  or 
yellowish-green,  and  a  slight  pleochroism  may  often  be  detected, 
inclusions  of  magnetite  are  common. 

The  hornblende,  which  is  sometimes  found  in  association  with 
the  augite  and  sometimes  by  itself,  occui's  under  similar  con- 
ditions. The  crystals  are  bounded  by  the  clinopinacoids,  the 
faces  of  the  prism,  and  by  the  terminal  faces  which  probably 
represent  a  hemipyramid  and  the  basal  plane.  Under  the 
microscope  this  mineiral  is  brown  or  greenish- brown ;  but  the 
colour  is  not  so  strong  as  in  ordinary  basaltic  hornblende. 
Sometimes  the  outer  portion  of  an  individual  is  more  deeply 
coloured  than  the  interior,  thus  giving  rise  to  a  kind  of  zonal 
structure.  Twinning  of  the  common  ^rpes  may  occasionally  be 
seen  both  in  augite  and  hornblende.  Associated  with  mese 
minerals  we  find  also  numerous  crystals  and  crystal-fragments 
of  altered  plagioclase  similar  to  that  occurring  in  the  lavas  of 
the  "  diabase-porphyrite  "  type. 
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Amongst  the  rock-fragments  wMcL  occur  in  the  tuSta  aie 
lavas  of  the  *^  diabase  '^  and  "  diabase-porphyrite  "  type,  and  also 
rocks  containing  phenocrysts  of  augite  and  hornblende  in 
addition  to  those  of  plagioclase  felspar.  The  gronnd-niass  of 
these  latter  rocks  contains  microlites  of  felspar,  grains  of  iron- 
ore,  and  in  some  cases  minute  prisms  of  hornblende  or  grains 
of  augite.  It  is  often,  however,  too  much  altered  for  precise 
description.  A  careful  study  of  the  rock-fragments  in  the  tuffs 
and  agglom^erates  of  Bail  Uill  makes  it  highly  probable  that 
augite-andesites  (augite-porphyrites  of  many  authors),  horn- 
blende-andesites,  ana .  augite-hpmblende-andesites  contributed 
to  the  fonnation  of  theae  rocka.       .  . 

The  only  other  locality  in  Great  Britain  where  rocks  like 
those  of  Bail  Hill  are  known  to  occtir  i»  at  Bhobell-Fawr,  in 
North  Wales.  This  locality  has  been  described  by  the 
Geological  Survey*  and  by  Professor  Colet,  and  the  petro- 
graphical  descriptions  of  the  latter  author  leave  no  doubt  that 
ike  phenoment^  are  substantially  identical  in  both  areas.  Sinailar 
rocks  occur  near  PredajSisO;  in  the  South  Tyrol,  where  they  have 
been  described  as  tufis  oi,  augite-porphyrite  or  porphyry. 

Some  interesting^  volcanic  rocks  of  Bala  age  from  Sheet  24 
have  recentiy  been  examined.  Amongst  these  are  soda-felsites 
or  keratophyres  and  perlitic  f elsites.  The  soda-felsites  occur  in 
Wrae  Quarry,  near  Broughton ;  at  Hamilton  Hill,  If  nule.  north- 
west of  Peebles ;  and  in  Glencotho  Quarry,  Holms  Water,  near 
Broughton ;  perlitic  f elsites  are  found  at  Winkston  Hill,  2  miles 
north  of  Peebles.  ^ 

The  rock  of  Hamilton  Hill,  may  be  taken  as  a  type  of  the  soda- 
felsites.  (Plate  XXI,,  Pig.  1.)  It  is  composed  of  small  phenociysts 
(3  or  4  mm.)  of  felspcu:  in  a  compact  dark  greenish  matrix.  The 
phenocrysts  usually  give  rectangular  or  rhombic  sections,  the 
former  being  three  or  four  times  longer  in  one  direction  than  the 
other.  They  occur  also  occasionally  in  the  form  of  crystalline 
groups.  The  determination  of  these  phenociysts  is  attended 
with  considerable  difficulty.  They  are  certamly  in  all  cases 
alkali-felspar,  but  they  may  be  in  part  an  acid  plagioclase,  and 
in  part  either  orthoclase  or  more  probably  anorthoclase.  The 
ground-mass  is  an  aggregate  of  microlitic  felspars,  having  ill- 
defined  boundaries.  Like  the  keratophyres  and  bostonites  the 
rock  is  almost  entirely  composed  of  aJkali-felspars.  Ferro- 
magnesian  minerals  formed  only  a  very  small  proportion  of  the 
original  rock.  They  are  represented  now  by  extremely  minute 
scales  of  chlorite,  which  are  associated  with  the  microlitic 
felspars  of  the  ground-mass. 

The  rock  was  analysed  with  the  following  result : 

Silica  .......     64'38 

Alumina 16'98 

Ferric  oxide  .....       4*04 


Carry  forward         .         .  85*40 

♦  Morn.  Geol.  Siirvev  of  Groat  Britoin.     Vol.  III.  (2iid  Edit.},  p.  58. 
t  Tlie  RockM  of  the  Volcano  of  Rholwll-Fawr.     Geol.  Mag.  1893,  p.  837. 
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All  the  other  varieties  of  soda-felsite  resemble  the  one  above 
described  in  the  character  of  the  phenocrysts,  but  they  differ 
somewhat  in  the  stracture  of  tne  ground-mass.  This  is  some- 
times cryptocrystalline  rather  than  microlitic,  and  not  unfre- 
quently  it  shows  a  spotted  appearance  under  the  microscope 
when  viewed  with  ordinary  Kght. 

Theperlitic  felsites  of  Winkston  Hill  (Plate  XXI.,  Fig.  2)  are 
compact,  dark  reddish,  mottled  rocks.  Under  crossed  nicols,  they  are 
cryptocrystalline  with  frequent  traces  of  very  minute  microlites. 
The  perlitic  structure  is  very  perfectly  developed.  Small  in'egular 
patches  of  carbonate  occur,  apparently  replacing  portions  of  the 
original  felsite,  and  the  perlitic  cracks  traverse  these  patches. 
Femte  is  scattered  through  the  rock,  and  occurs  also  in  the 
perlitic  cracks.  It  is  probable  that  these  perlitic  rocks  are  soda- 
felsites,  but  the  point  has  not  been  definitely  settled  by  analysis. 

The  petrological  characters  of  the  serpentines  and  gabbros  of 
the  Ayrshire  coast  have  been  well  described  by  Professor 
Bonney.*  These  rocks  bear  the  closest  possible  resemblance  to 
the  corresponding  rocks  of  the  Lizard  district  in  Cornwall.  The 
serpentine  of  Balhamie  Hill,  near  Colmonell,  is  composed  of 
glittering  crystals  of  enstatite  or  bastite  in  a  black  compact 
matrix,  and  is  substantially  identical  with  the  black  serpentine 
of  Cadgwith.  As  stated  by  Professor  Bonney,  it  is  an  altered 
olivine-enstatite  rock.  The  following  analysis  of  this  rock, 
made  by  Mr.  Haughton,  is  quoted  from  Professor  Bonney's 
paper: 


Silica  . 
Alumina 
Ferric  oxide 
Ferrous  oxide 
Lime  . 
Magnesia 
Manganese  oxide 
Nickel  oxide 
Iron  sulphide 
Water 


38-29 
3-95 
2-53 
4-04 
0-57 

36-55 
tr. 
•15 
tr. 

14-08 

99-16 


*  On  the  Serpentine  and  Associated  Igneous  Rocks  of  the  Ayrshire  Coast.     Quart. 
Jour.  Oeol.  Soc.    Vol.  XXXIV.  (1878).  pp.  769-785. 
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The  Survey  Collection  includes  several  specimens  of  serpen- 
tines derived  from  saxonites  (olivine-enstatite  rocks)  in  addition 
to  those  from  Balhamie  Hill.  In  all  cases  the  microscopic 
structure  is  perfectly  characteristic.  Large  individuals  of 
enstatite  or  bastite  lie  in  a  matrix  of  serpentine  showing  the 
well-known  "mesh-structure."  In  addition  to  serpentines 
derived  from  saxonites  there  is  one  derived  from  dunite,  in 
which  picotite  occurs  as  an  important  accessory^  and  others  about 
the  origin  of  which  it  is  impossible  to  speak  with  confidence. 
There  is  no  doubt,  however,  that  all  have  been  derived  from 
igneous  rocks  belonging  to  the  peridotite  family.  The  chrome- 
spinelle  (picotite)  whicn  is  often  present  as  an  accessory  con- 
stituent has  occasionally  segregated  in  masses  of  considerable 
size,  and  ine  collection  includes  a  specimen  measuring  2^in.  by 
2in.  by  l^in.,  almost  entirely  composed  of  this  mineral.  Closely 
allied  to  the  serpentine  in  composition  is  a  peculiar  rock  from 
Lochton,  near  Girvan,  mainly  composed  of  irregular  grains  of  a 
colourless  monoclinic  pyroxene,  but  which  contains  also  irregular 
patches  of  a  soft  brown  substance  (P  bastite).  This  rock  may 
be  termed  a  pyroxenite. 

The  gabbros  vary  considerably  in  composition  and  structure. 
The  ierro-magnesian  minerals  include  angite,  diallage,  uralitic 
or  fibrous  hornblende,  and  a  comp€U)t  brown  hornblende  which 
has  many  of  the  characters  of  an  original  constituent.  In  one 
or  two  specimens  the  compact  brown  hornblende  appears  to  be 
the  only  ferro-magnesian  mineral  present,  so  that  these  rocks 
are  diorites  rather  than  gabbros ;  but  as  they  are  closely  linked 
on  to  the  more  normal  gabbros  by  the  occurrence  of  transitional 
forms,  and  as  they  resemble  tue  gabbros  in  general  appearance 
and  in  structure,  it  has  not  been  thought  desirable  to  separate 
them  under  a  distinct  name. 

The  felspars  of  the  gabbros  are  rarely  present  in  their  original 
condition.  They  are  usually  represented  by  white  or  cream- 
coloured,  compact^  hard,  saussuritic  aggregates  which  do  not 
admit  of  any  very  precise  description.  It  is  now  well  known 
that  many  so-called  saussurites  are  aggregates  of  zoisite  or  epidote 
and  albite  or  some  allied  felspar,  but  this  is  not  the  case  with  the 
aggregates  in  question.  Not  unfrequently  they  are  largely 
composed  of  a  pale  brown  isotropic  substance  occurring  in  large 
irregular  patches  or  in  small  grains.  This  substance  resembles 
garnet  in  many  of  its  characters,  but  as  crystalline  form  is  absent 
it  is  impossible  to  speak  with  confidence  as  to  the  identity  of  the 
mineral 

Another  mineral  which  enters  into  the  composition  of  these 
dense  white  aggregates,  and  which  is  certainly  an  alteration 
product  after  felspar,  is  colourless,  strongly  double-refractive, 
biaxial,  and  apparently  positive.  This  mineral  occurs  in  grains 
which  mutually  interfere  with  each  other  and  never  shows  any 
definite  form  or  cleavages  from  which  its  crystalline  system  can 
be  inferred. 

In  specimens  of  gabbro  from  Burnfoot,  one  mile  south  of 


Petrography  of  the  Silurian  Volcanic  Bocks,  91 

Lendalfoot^  the  felspai*  Las  been  replaced  by  a  soft  aluminous 
serpentine  (pseudopnite)  similar  to  that  occiuiing  in  a  gabbro- 
dyke  traversing  normal  serpentine  near  Kynance^  in  Cornwall. 

The  hand  specimens  of  the  rocks  vary  considerably  in 
structure.  Some  are  very  coarse  and  formed  of  black  and  white 
patches  measuring  an  incn  or  more  across,  others  are  of  medium 
grain ;  some  are  massive,  others  show  a  marked  flaser-structure, 
and  a  few  may  be  described  as  banded  or  even  laminated.  Under 
the  microscope  the  massive  varieties  are  granitic  in  structure, 
the  banded  varieties  are  granulitic,  while  the  flaser-gabbros 
show  a  combination  of  granitic  and  granulitic  structures.  The 
foliation  is  evidently  the  result  of  interstitial  movement  either 
during  or  subsequent  to  consolidation,  and  the  granulitic 
structure  is  a  consequence  of  this  movement. 

The  other  intrusive  .rocks  of  the  district  may  be  grouped  as 
dolerites  (ophitic)— Plate  XXII.,  Fig.  2,  and  Plate  XXIV.,  Fig.  1,— 
homblende-dolerites,  epidiorites  (altered  dolerites),  diorites,  quartz- 
diorites,  and  granitites.  Hornblende-schists,  which  are  so  common 
at  the  Lizard,  appear  to  be  rare.  The  Survey  Collection  includes, 
however,  specimens  of  this  rock  from  the  north  face  of  Carleton 
Hill  and  from  the  hill-slope  one-third  of  a  mile  south-west  of  Loch 
Lochton. 
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CHAFIER  V. 

Detailed  Description  of  tlie  SUuri/in  Regi/yti  of  tlie  Southern  Uplands. 

I.   THE  CENTRAL  BELT. 

TYPICAL  SECTIONS  OF  THE  MOFFAT  BLACK  SHALE  SERIES. 

The  typical  sections  of  the  Moffat  series  in  Uobb's  Linn  ami 
Craigmichan  Scaurs  selected  by  Professor  Lapwortb,  and 
described  by  him  in  his  paper  on  '*  The  Motlat  Series,"  illustrate 
the  lithological  and  palseontological  sub-divisions  of  the  different 
gi'oups.  The  exposures  of  the  two  higher  groups  (Birkhill  and 
Hartfell)  in  Uobb's  Linn  are  complete,  only  a  sinall  development 
of  Glenkiln  Shales  being  there  visible.  This  hiatus  is,  however, 
partly  supplied  by  the  section  in  Craigmichan  Scaurs,  whei'e  the 
members  of  the  Glenkiln  group  are  well  displayed.  Even  there, 
however,  the  base  of  the  latter  group  is  not  seen,  theix  relations 
to  the  Arenig  volcanic  rocks  not  being  clearly  defined  within  the 
Moffat  region. 

Dobb's  Linn,  Moffatdah  (Fig.  5). 

This  famous  section  occurs  at  the  head  of  Moffatdale;  it  is 
about  ten  miles  from  Moffat,  five  miles -from  St.  Mary's  Loch, 
and  about  half  a  mile  from  Bii'khill  Cottage  on  the  watershed 
between  Moffat  valley  and  one  of  the  tributaries  of  the  Yarrow. 
At  this  spot,  three  streams  unite  to  form  the  Moffat  Water,  two 
of  them  draining  the  eastern  side  of  the  valley,  while  the  third 
(Uobb's  Linn),  flowing  down  the  western  slope,  has  cut  a  deep 
gorge  through  the  black  siiale  series. 

Ascending  the  latter  stream,  which  there  runs  parallel  to  the 
strike  of  the  Silurian  rocks,  the  observer  finds  a  magnificent 
exposure  of  the  black  shale  series  lising  along  an  anticlinal 
fold  in  the  Tarannon  greywackes  and|~^shale8.  About  350 
yards  up  the  stream  it  is  joined  by  a  small  tributary, 
draining  the  high  grounds  to  the  west,  which  forms  a  con- 
spicuous lateral  gorge,  traversing  the  black  shales  more  or  less 
at  right  angles  to  their  strike.  At  the  head  of  the  lateral  gorge 
there  is  a  fine  waterfall,  where  the  stream  leaps  over  the 
Tarannon  greywackes  and  shales  on  to  the  softer  beds  of  the 
Upper  Birkhill  group.  Admirable  exposures,  too,  occur  in  the 
corrie  north  of  tne  lateral  gorge,  and  particiilarly  in  the  Main 
Cliff  to  the  south  of  that  gorge.  On  the  G-inch  map,  the  name 
"  Uobb's  Linn  "  is  applied  to  the  main  stream,  though  originally 
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a.  5. — Oround-plBii  Dob 
Linn,  headof  Mofhtd 
{litea  lAp  worth). 
Qlenkiln  Shales. 
Lower  Haiifell  Shalee. 
'  Buren  Hudstones. 

I  Lower  BirUull  SludeB. 
f  Upper  BirfchUl  Sh»le«. 
I"  RattriU*  mnmrata-Tam. 
'  Recent  nlluviuin. 
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reBtfricted  to  the  waterfall  at  the  head  of  the  lateral  gorge.  The 
upper  portion  of  the  main  etream  is  termed  the  Long  Bum. 
,.  The  members  of  the  Moffat  series,  in  the  Dobb's  Linn  section, 
as  Professor  Lapworth  has  shown,  are  not  arranged  in  a 
normal  anticline.  For  example,  tovards  the  southern  limit  of 
the  arch,  the  black  shales  and  the  Tarannon  greywackes  dip 
uniformly  to  the  north  of  west  as  if  there  were  an  ascending 
sequence  from  east  to  weBt'(Pig.  6,  Sec.  4  in  ground-plan).  Again, 
on  the  western  limit  of  the  fold,  the  Tarannon  greywackes  and  shales 
at  the  waterfall  dip  east  at  high  angles,  below  the  Birkhill  beds 
that  are  exposed  in  the  lateral  gorge,  thus  indicating  an  apparent 
upward  auecession  from  west  to  east  (Fig.  7,  Sec.  2  in  ground-plan). 
It  is  obvious,  therefore,  that  the  strata  along  these  two  lines  of 
section  are  partly  inverted,  and  hence  no  reliance  can  be  placed 
on  mere  superposition.  Indeed,  it  ia  only  by  following  the 
outcrops  of  the  various  sub-divisions  of  the  series  and  aeter- 
mining  their  horizons  by  means  of  the  graptoliten  that  theit 
pliysical  relations  can  be  satisfactorily  established. 


Fro.  6.— Section  in  Dobb's  Linn  (No.  4  of  Fig,  5). 
311'   Barren    Mudstonea— i.     D.    ancepa-zone.        4lll     h.     BirkhiU— k.  _  D. 
vetievloMu  and    D.  acuminattu  zones — 1.  M.  gregariw-taae.       4U1'  U. 
Birkhill — m.  D.  fomcbi-zone— n.  if.  tpinigemt-ioae.     #11'  R.  moarimn*' 
zone.    4  Tarannon. 

It  ia  further  observable  that  a  prominent  fault  runs  along 
the  crest  of  the  arch  in  a  N.N.E.  direction  (Fig.  S,  West  Fault), 
forming  an  important  Btnictural  line.  For  at  the  base  of  the 
Main  ClifF,  near  the  southern  termination  of  the  fold,  it  brings 
the  Olenkiln  black  shales  into  contact  with  the  Barren  Mud- 
stones  (Pig.  8,  Sec.  3  in  Fig.  5),  while  towards'the  north-east  it 
places  the  Hartfell  black  shales  in  conjunction  with  the  Lower  Birk- 
hill Shales  (Fig.  9,  Sec.  1  in  Pig.  5).  A  second  dislocation  (East 
Fault  in  ground  plan.  Fig.  5)  runs  for  a  short  distance  alongthe  west 
slope  of  the  Long  Bum.  Another  fault,  of  minor  importance, 
however,  occurs  in  the  lateral  gorge  between  the  Barren 
Hudstones  and  Lower  Birkhill  Shales.  Notwithstanding  these 
dislocations  ijie   zones  established  by  Professor  Lapworth   can 
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be  readily  identified,  and  the  ^raptolites  can,  in  most  cases,  be 
obtained  in  excellent  preservation. 

Taking,  first,  the  section  in  the  lateral  gorge,  showing  the 
strata  in  inverted  order  (Fig.  7,  Sec.|2  in  Fig.  5),  we  find  the  flags 
and  green  shales  at  the  waterfall  dipping  at  angles  fi-om  70'*-80*' 
below  the  grey  shales,  with  four  thin  black  seams  belonging  to  the 
zone  of  Rastrites  maodmus  (Carr).  The  letter  form  the  highest 
fossiliferous  zones  of  the  Upper  Birkhill  beds  in  this  section.  The 
following    fossils   have   there   been   obtained   from   this   horizon 

(Fig.  7,4™''): 


Monograptus  Sedgwicki  (Portl.) 
twnncuUUus  (Barr.) 
Hisingeri  (Carr.) 
attenuatus  (Hopk.) 


»» 


»> 


Rastrites  maodnitLa  (Carr.) 
FetaJLograptus  foliuim.  (His.) 
Feltocaris  aptychoides  (Salt.) 


3U'y'  4*" 


Fio.  7. — Section  in  lateral  gorge,  Dobb's  Linn  (No.  2  of  Fig.  6). 

21  Glenkiln  Shales — a.  radiolarian  chert,  b.  0.  oroctZis-zone,  c.  mudstone  and 
chert.  3U  Lower  HartfeU  Shales— d.  C,  fFtUoni-zonej  e.  D.  Clingcmi- 
zone,  g.  P.  lineari8'Zone.  311'  Upper  HartfeU  Shales — h.  X).  conir 
planatus-zone,  i.  D.  ancep8-zone.  ^  Lower  Birkhill  Shales — k.  D. 
ctcuminat'us  and  D.  veaiculosus  zones,  1.  M.  gregarius-zone,  4U1'  Upper 
Birkhill  Shales — m.  C,  cometa-zoney  n.  M.  sptnigerus-zone,  4U1  R, 
moxtmus-zone.    4  Tarannon  series,     f .  Faults. 

Next  in  order  come  grey  shales  and  clays  yielding  no  fossils, 
succeeded  by  black  and  grey  shales  with  white  clays,  forming  the 
zone  of  Monograptus  sjnnigertis  (Nich.),  containing  the  following 
fo88ils(Fig.  7,  4^'"): 


Monograptus  Sedgwicki  (Portl.) 
= aptnt^enw  (Nich . ) 
oMeftvuatus  (Hopk.) 
Clingani  (Carr.; 
Hisingeri  (Carr.) 
spiralis  (Geinitz.) 
Uptoiheca  (Lapw.) 


Rastrites  hyhridus  (Lapw.) 
Climacograptus  normcuis  (Lapw.) 
Petalograptus  folium  (His.) 
Diplograptus  tamariscus  (Nich.) 

, ,  Hughesi  (Nich. ) 

Discinocaris  browniana  (Woodw.) 
Peltocaris  aptychoides  (Salt.) 


Grey  mudstones  and  clays  with  a  thin  seam  of  black  shale  are 
then  met  with,  followed  by  pyritous  black  shales  representing  the 
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aone  of  Gephak^ra^ioB  cometa  (Geinitz),  yielding  the  foseile  given 
below(Pig.  7,4'^""): 


iphM  eometa  (Qeiiutz.) 
ifonogrnptvt  lobiferu*  (M'Coy.) 
Itjtiolheca  (Lapw.) 
q/phtts  (Lapm-,) 


teniiti  (Portl.) 


I   RasMtet  hybrichu  fLapw.) 
„         capUlarii  (Carr.) 
I    DiptograptTig  tamamciu  (Nioh.) 
,,  linuatiu  (Nich.) 

Hughesi  (Nieh.) 
PelaloffTaplusf<Amm  (Hia.) 


To  the  foregoing  strata  succeed  black  flaggy  ehalee  and  mud- 
stones  with  clays  and  occasional  ironstone  nodules,  forming  the 
upper  members  of  the  Lower  Birkhill  group.  These  beds  are  of 
considerable  thickness  and  belong  to  the  zone  of  Monogi-aptns 
(freyarim  (Lapw.).  Prom  the  exposure  of  this  horizon  in  the  main 
stream  the  following  fossils  were  obtained  (Fig.  7,  4"") : 


MniMffrajitiili  grtgaHus  (Lapw.) 
eyphui  (Lapw.) 
Sanderioni  (Smw.) 
triangulntiu  (Hark. ) 
lepMhecn  (I«pw.) 
(oJnftnu  (M'doy.i 
ntfttniatun  (Hoplt.) 
Miuj\  (Portl.) 


normaiia  (lapw.) 
Dipfnirrrtptus  (Dimarphogmptta)  ron- 
fertm  (Nich.) 
RantriUt  pereffrimit  (But.  ) 
Petalograptw  folium  (Hia.) 
iWaeijw^vTcu  bnnntiiana  fWoodw.) 
Dautonia  camtxinulota  (Nich.) 


E.S.E. 


f 


<0' 


Fio.  8.— Section  of  StrstA  in  Dobb's  Linn  (No.  3  of  Fig.  6). 
(For  sefvIanotvoTH  see  ¥^,  7.) 

The  lower  zones  of  the  Birkhill  black  shales  are  not  satisfactorily 
seen  in  the  lateral  gorge,  owing  to  the  preeeuce  of  a  small  fault 
crossing  that  stream  in  a  north  and  south  direction ;  but  in  the 
conie  to  the  north  they  are  weU  displayed,  with  th^r 
characteristic  fossils.     The  hard  black  flaggy  shales  representing 
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the  zone  of  Diplograptus  vesiculosus  (Nich.)   there  yielded  the 
follo^'ing  fprms  (Fig.  9,  4"'*") : 


Diploffraptus  vesicul<mM  (Nich.) 

,,  acumituUus  (Nich.) 

DimorpkfXfraptua  Sim  tistoni  (Lapw. ) 
Climacograptus  recta  n^uiaria(M  *Coy. ) 


Monogiuptus  attenuattis  (Hopk.) 
t^miis  (Portl.) 
(jreganxis  (Lapw.) 


Underlying  the  foregoing  beds  in  the  come  are  the  shattery 
black  and  brown  shales  belonging  to  the  horizon  of  Diplograj^ttLs 
acuminaiiLs  (Nich.),  which  have  yielded  also  Dimorphograptus 
Swanstoni  (Lapw.),  Clim<ico(jrapiu8  rectaiig%daris  (M*Coy),  Dawsonia 
campanulaiu  (Nich.). 

The  various  zones  just  described  constitute  the  Birkhill  division 
of  the  Moffat  black  shale  series.  The  lowest  zone  (D.  axyiiminattis, 
Nich.),  resting  directly  on  the  Barren  Mudstones,  fonns  the  base 
line  of  the  Llandovery  formation. 

Returning  to  the  lateral  gorge,  we  meet  with  the  Barren  Mud- 
stones  (Fig.  7,  3° ')  in  conjunction  with  the  lower  members  of  the 
Birkhill  group,  but  owing  to  the  small  fault  already  referred  to 
the  highest  bands  with  DiceUograpttcs  anceps  (Nich.)  are  absent. 
They  are  found,  however,  in  good  exposures  in  the  corrie  north  of 
the  gorge  and  also  in  the  Main  Cliff,  where  the  thin  black  seams 
in  the  mudstones  have  yielded  D.  anceps  and  Climacograptus 
Wcomw  (Hall).  To  these  beds  succeed  the  mass  of  pale-coloured 
mudstones,  with  occasional  limestone  nodules,  which,  near  their 
base,  include  a  thin  seam  of  black  shale  containing  DiceUograptus 
eomplaiiatuSy  Biplograptvs  socialis,  Clirruicograptus  scalaris  (Fig.  7, 
3°  ).  Underneath  the  Barren  Mudstones  come  black  slaty  shales 
with  Pleurograptus  linearis  (Carr) — the  highest  zone  of  the  Hartfell 
black  shales  (Fig.  7,  3"*).  This  important  horizon  can  be  traced 
up  the  cliff  to  the  north  of  the  lateral  gorge  and  along  the  Main 
Cliff  to  the  south  of  that  section.  From  these  various  exposures 
the  following  forms  have  been  obtained : 


Pleurograptus  linearis  (Carr.) 
Amphigraptus  divtrgens  (Hall.) 
Leptograptus  capiUaris  (Carr.) 
„  flacddus  (Hall.) 

RetioiUes  {Neurograptus)  fihratus 

(Lapw.) 


DiceUograptus  Morrisi  HBLopk.) 

,,  elegans  (Carr.) 

Diplograptus  foliaceus  (Murch.) 

,,         quadrimv^^ronatus  (HaU.) 
Climacograptus  tubuliferus  (Lapw.) 
Siphoruitreta  micula  (M*Coy.) 


Next  in  order  we  find  the  black  slaty  shales  of  the  Dicrano- 
graptus  Clingani  zone  (Figs.  7,  8,  9,  3°*)  visible  in  the  lateral 
gorge,  in  the  cliff  to  the  north  and  also  in  the  Main  Cliff,  which 
have  jnelded  the  following  forms  : 


Dicranograptus  Clingani  (Carr.) 

,,  Nicholsoni  (Hopk.) 

,,  ra'mosi^  (Hall.) 

DiceUograptus  Forchhammeri 

(Geinitz.) 

, ,  caducev>s  (Lapw. ) 

,,  moffatensis  (Carr.) 

Amphigraptus  raaiatus  (Lapw.) 
Lasioqraptus  margaritatus  (LApw.)  Acrotreta  Nicholsoni  (Da v.) 

G 


Leptograptus  flaccidus  (Hall.) 
Diplograptus  truncatus  rLapw.) 

„  foliaceus  (Murch.) 

Climacograptus  bicomis  (Hall.) 

,,  caudatus  (Lapw.) 

Corxfnoides  calycularis  (Nich.) 
Hyalostelia  faMiculus  (M*Coy),  glass- 
rope  sponge. 
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The  lowest  zone  of  the  Hartfell  hlack  shales  ( Climacograptu* 
Wihoni)  is  best  seen  on  the  slope  at  the  foot  of  the  Main  Cliff — 
an  exposure  to  be  referred  to  presently.  On  the  south  bank 
of  the  lateral  gorge,  where  it  joins  the  main  stream,  there 
is  a  small  rocky  knoll  at  the  edge  of  the  alluvium,  com- 
posed of  black  flinty  shales  with  cherty  bands  resembling 
lithologically  the  Glenkiln  Shales.  The  forms  obtained  from 
them  include  Dicraiwgraplus  zi&-zac  and  D.  ramosug.  Here  the 
main  or  west  feult  crosses  the  bum,  on  the  east  side  of  which 
the  evidence  is  obscured  by  the  alluvium.  Eastwards  along  the 
section  line  No.  2  of  Fig.  5  the  observer  crosses  the  east 
fault  (Fig.  7)  and  traverses  the  eastern  limb  of  the  arch,  which 
tbere  displays  the  Morwaraptus  gre^arius  bands  in  a  highly 
contorted  form,  and  the  various  zones  of  the  Upper  Birkhill 
Shales,  followed  in  normal  order  by  the  greywackes  and  shales 
of  Tarannon  age. 

A  section  across  the  arch  near  the  south  end  of  the  Main  Cliff 
(Fig.  8,  Sec.  3  in  Fig.  5)  shows  on  the  west  limb  a  regular  descending 
sequence  from  the  Upper  Bitkhill  zones  to  the  Glenkiln  black 

VVSW.  LN£ 


Fio.  9.— Section  in  Dobb's  Tiinn  (No.  1  of  Fig.  6). 
For  explanation,  see  Fig.  7. 

shales,  with  a  normal  dip  to  the  W.N.'W".  Here  the  represMi- 
tatives  of  the  Glenkiln  Shales  are  met  with ;  indeed,  it  is 
the  only  clear  exposure  of  the  latter  division  in  the  Dobb's  Linn 
anticline.  At  the  foot  of  the  scar  the  Climaeograpius  Wihani  band, 
the  lowest  zone  of  the  Hartfell  black  shales,  can  be  followed  for 
several  yards  along  its  line  of  outcrop,  where  it  yields  fine  examples 
of  that  zonal  form,  together  with  Clhnacotjraptus  bicomis,  G. 
Scharenhergi,  Biplograpius  foUaceus,  Glossof/raptus  Hincksi,  Crypto- 
t/raptus  iricomis.  This  zone  is  underlain  by  nearly  three  feet  of 
black  shales,  which,  from  their  organic  remains,  may  be  regarded 
as  the  highest  zone  of  the  Glenkiln  division.  From  this  band  the 
following  forms  were  obtained : 

ClimacoTnipdu  ttettmia  (Hall.)  I    Dicranoifraphuitc-zar  (Ijipw.) 

,,  ctetahu  var,  anfijuMM      DiceUograplAia  titans  (R^.) 

I«pw.)  I    Gryptograplu*  tricorwa  (Carr.) 
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The  foregoing  sub-divisioa  has  been  recognised  in  the  sectionB 
at  Craigmichan  Scaurs  and  Hartfell,  where  it  occupies  a  similar 
position,  that  is,  immediately  below  the  0  Wilsoni  band,  and 
above  a  zone  of  mudstones  and  cherts  with  radiolaria. 

At  the  foot  of  the  Main  Cliff  at  Dobb's  Linn,  a  zone  of  grey 
mu'dstones  and  cherts  with  radiolaria,  four  feet  thick,  appears 
below  the  highest  sub-division  of  the  Glenkiln  Shales  (Fig.  8,  2^®), 
and  it  there  rests  on  a  band  of  black  shales  eight  feet  in 
thickness,  which  have  yielded  the  following  forms  characteristic 
of  the  Glenkiln  division : 


Dicranograptus  zie-zac  (Lapw.) 

fotTnoinis  (Hopk.) 
ramosua  (Hall.) 
NichoUoni  (Hopk.) 
sp. 

Diedlograptus  patvlosus  (Lapw.) 

divaricatu3  (Hall) 
seaians  (H^dl.) 
sp. 
Gryptograptus  tricamts  (Carr.) 
Lanograptus  bimucronattis  (Nich.) 
Didymograptus  serratidus  (Hall.) 


»i 


»» 


>» 


»» 


»» 


ClathrograptiLs  ctineiformis  (Lapw.) 
Diplograptus  foliaceus  (Murch.) 
euglyphits  (Lapw.) 
a/ngustifdius  (HaU.) 
per-excavatus  (Lapw.) 
ClimacograpttLs  bicomts  (HaU.) 

cceloitus  var.  atUigmis 
(Lapw.) 
Schdrenbergi  (Lapw. ) 
pdtifer  (Lapw,) 
Corynotdes  cal\fcularis  (Nich.) 
Dictyonema  moffatense  (Lapw.) 


»> 


»» 


The  Glenkiln  black  shales  just  described  are  truncated  by  the 
main  or  west  fault,  which  brings  them  in  contact  with  the  Barren 
Mudstones  (Fig.  8,  S"*),  succeeded  by  the  black  shales  of  the 
Lower  Birkhill  group,  with  Diplograptus  vesicvlosus  and  Monograptus 
gregarius  (4™).  Eastwards  they  are  followed  by  the  clays  and 
black  shales  of  the  Upper  Birkhill  group  with  their  characteristic 
forms  (4™',  4™"),  though,  owing  to  the  weathering  of  the  beds 
on  the  east  cliff,  the  fossils  are  not  so  readily  obtained.  These 
pass  normally  upwards  into  the  grey  wackes  and  shales  of  Tarannon 
age. 

The  Long  Bum  (Fig.  5)  shows  an  excellent  section  of  the 
members  of  the  Birkhill  division.  At  its  northern  limit  the 
black  flags  of  the  D.  vesundostcs  zone  are  exposed ;  bounded  on 
the  east  side  by  the  M.  gregarius  bands,  which  are  inverted. 
Down  stream,  the  beds  belonging  to  the  latter  horizon  are  always 
succeeded  on  the  east  side  by  the  Upper  Birkhill  Shales :  the 
higher  zones  appearing  at  intervals  underneath  the  greywackes 
and  shales  of  Tarannon  age.  On  the  west  bank  of  the  Long 
Bum  a  thin  lenticular  band  of  black  grit  is  intercalated  in  the 
Monograptus  grega/nus  zone,  which  is  traceable  for  some  distance 
along  the  cliff.  Apparently  it  dies  out  rapidly,  for  it  has  not 
been  detected  on  this  horizon  in  any  other  part  of  the  Dobb's 
Linn  anticline. 

On  referring  to  Section  1  of  the  ground-plan  (Figs.  5  and  9), 
which  shows  the  relations  of  the  strata  in  the  lower  part  of  the  Long 
Bum  and  in  the  corrie  to  the  north  of  the  lateral  gorge,  it  will  be 
seen  that  on  the  west  limb  of  the  fold  there  is  a  descending  section, 
in  inverted  order,  from  the  Tarannon  greywackes  and  shales, 
through  the  various  zones  of  the  Birkhill  division  and  the 
Barren  Mudstones  to  the  Hartfell  black  shales.     Here  the  main 


100  The  Silurian  Rocks  of  Scotland, 

fault  in  the  core  of  the  arch  appeaiy,  which  truncates  the 
Hartfell  Shales  (3°)  and  brings  in  to  the  east,  in  normal  order, 
the  three  zones  of  the  Lower  Birkhill  group  (4"'  in  section). 
Between  the  main  fault  and  the  Long  Bum  the  structure  along 
this  line  of  section  is  interesting,  for  the  Barren  Mudstones  (3" ') 
with  the  Dicelhijraptus  anceps  hand  come  to  the  surface, 
evidently  along  a  minor  fold  in  the  Birkhill  Shales,  on  the  rocky 
slope  on  the  west  bank  of  the  Long  Burn.  At  the  northern  limit 
of  this  exposure  of  Barren  Mudstones  the  2).  acuminatus  and 
D,  vesictdosus  bands  can  be  traced  round  the  end  of  the  fold 
(Fig.  5)  till  they  are  abruptly  cut  off  by  the  east  fault,  which  for  a 
short  distance  runs  parallel  to  the  course  of  the  main  or  west  fault. 

Passing  eastwards  along  the  same  line  of  section,  across  the 
Long  Burn,  where  the  Monograptus  gregarius  bands  are 
puckered  and  inverted,  the  observer  finds  the  Upper  Birkhill 
shales  (^4^"'  4'"",  Fig.  9)  followed  in  normal  order  by  the  grey- 
wackes  and  shales  of  Tarannon  age. 

The  north-easterly  extension  of  Dobb's  Linn  anticline  is 
obscured  by  peat  and  drift,  but  it  probably  terminates  not  far 
to  the  north  of  the  present  visible  exposure  of  black  shales. 

Sum m  ar y. — From  the  foregoing  descriptions  it  will  be  seen 
that  a  detailed  examination  of  Dobb's  Linn  section  proves  the 
accuracy  of  Professor  Lapworth's  conclusions  regarding  the 
sequence  and  geological  relations  of  the  strata.  The  various  sub- 
divisions of  the  Moffat  series  (Birkhill,  Hartfell,  and  Glenkiln), 
which  are  lithologically  and  palasontologically  distinct,  are  there 
arranged  in  the  form  of  an  arch,  the  highest  zones  of  the  Birkhill 
Shales  being  in  contact  with  the  overlying  Tarannon  greywackes 
and  shales  on  both  limbs  of  the  fold.  As  the  observer  passes 
towards  the  centre  of  the  anticline,  the  different  zones  are  met 
with  in  descending  order,  till  on  the  western  limb  at  the  foot 
of  the  Main  Cliff  there  is  an  exposure  of  the  Glenkiln  Shales 
with  an  intercalated  band  of  radiolarian  cherts  and  mudstones. 
The  natural  sequence  is,  however,  interrupted  by  the  main  or 
west  fault  running  along  the  crest  of  the  arch,  which  brings 
different  horizons  in  contact  with  each  other.  It  is  further  clear 
that  at  the  southeni  limit  of  the  arch  fFig.  6,  Sec.  4  in  Fig.  5)  the 
axial  plane  of  the  fold  dips  towards  the  west,  and  hence  the 
strata  on  the  east  limb  are  inverted;  while  in  the  lateral  gorge 
(Fig.  7)  \\ve  strata  on  the  west  limb  are  inverted. 

It  is  of  importance,  also,  to  note  that  the  lowest  zone  of  the 
Birkhill  Shales  marks  the  base  of  the  Upper  Silurian  rocks  of 
the  region,  and  that  while  this  boundary  line  coincides  with  a 
distinct  palseontological  break,  there  is  nevertheless  a  perfect 
passage  from  the  underlying  Hartfell  group  (Caradoc)  into  the 
overlying  Birkhill  sediments  (Llandovery). 

Craigmichaii  Scaurs,  Moffatdale. 

The  order  of  succession  indicated  in  Dobb's  Linn  is  confirmed 
in   a   remarkable   manner  by   the   fine   section   in    Craigmichan 
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Scaurs,  wtich  is  traceable  along  the  strike  Jo#  .tjiree -quarters  of 
a  mile  (Fig.  10).  In  addition  to  the  Birkhil!  and'iiiwtfel!  divisions, 
there  ia  here  an  excellent  exposure  of  the  Glenkiftt'^ack  shales  and 
the  associated  mudstonea  and  cherta.  The  Oraigmiq}iau.  Scaurs 
occur  on  the  south-east  flank  of  Capel  Fell  (2228  feetj.-^  the 
head  of  Uie  Seleoth  Burn,  which  joins  the  Moffat  Watec^'afiput 
seven  miles  aouth-we.'^t  of  Dobb's  Liuu.  Though  the  stra'^a  ar^ 
considerably  shattered,  and  in  some  instances  repeated 'by/ 
reversed  faults,  the  general  order  of  succession  can  be  clearly'; 
followed. 

On  referring  to  the  geolc^al  map  of  the  region  (Sheet  10) 
it  will  be  seen  that  about  two  miles  up  the  Seleoth  Bum 
from  its  point  of  junction  with  the  Motfat  Water  there  is 
a  marked  bend  in  its  course.  Below  this  bend  it  flows  north- 
west towards  the  Moffat  Water;  above  it,  for  nearly  half  a 
mile,  its  course  is  about  south-west  and  north-east,  or 
nearly  parallel  to  the  strike  of  the  strata.  About  half  a  mile 
above  this  bend,  the  Seleoth  Bum  is  joined  by  a  small  tributary 
(the  Rae  Grain,  Fig.  11,  ground  plau_)  draining  the  south-east 
slope  of  Capel  Fell.  Between  the  Rae  Grain  and  the  great 
bend  in  the  Seleoth  Bum,  a  deep  and  rough  gorge  has  been 
carved  in  the  Moffat  sei-ies,  the  members  of  which  form  a 
prominent  escarpment  on  the  north-west  side  of  the  stream. 


Fio.  10. — Section  in  Craigmichan  Scaurs,  Mofiatdalc. 
1.   Arenig?     2.  Aahj  mudstone  and  radJoUrian  chert.      21-  Glenkiln  Black 
Shale.     311.  Luvrer  Hartfell  Shale.    311'.  Barren  Mudstones.      f    Fault. 
T.  ThrusUplano. 

In  the  Seleoth  Bum  and  ou  the  slopes  of  Capel  Fell,  the 
representatives  of  the  black  shale  series  appear  along  several 
isocliual  folds  dipping  to  the  north-west.  The  main  fold  occurs 
furthest  sooth,  its  axis  nearly  coinciding  with  the  course  of  the 
stream  between  the  Rae  Grain  and  the  great  bend  in  the  Seleoth 
Bum.  The  physical  relations  of  the  strata,  so  clearly  unfolded 
by  Professor  Lapworth,  may  be  readily  grasped  by  a  study  of 
the  various  sub-divisions  exposed  in  this  great  isocline. 
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The  lowest  ha^.  ^Drming  the  core  of  the  arch  occur  in  the 
bed  of  the  S^bb^  Bum  and  along  the  base  of  Craigmichan 
Scaurs,  oorth.- eastwards  to  the  foot  of  the  Rae  Qrain.  The 
relations  \i  the  Glenkiln  group  to  the  overlying  Hartfell 
diTisifjq'-JH  Craigmichan  Scaurs  are  illustrated  by  the  accom- 
patj^jiig*  horizontal  section  (Kg.  10),  which  ia  drawn  across  the 
'^orge  above  the  waterfall  in  Selcoth  Bum. 
>.  ".*  beginning  on  the  north  cliff,  on  the  horizon  of  the  Climaco- 
'.  'ffTfbptm  WiUom  band  (3")  at  the  base  of"  the  Lower  Hartfell 
group,  we  find  beneath  that  band  about  2^  feet  of  black  shales 
which    here    yield    forms    similar    to    those    in   the   thin  black 


Fic.  II.— Plan  of  Strata  in  Bae  Groin,  Selcoth  Bum. 
.  Arenig  1     2.  Ashy  mudstone  and  chert.     2t.  Qlenkiln  Shales. 


Hartfell  Shales.   311'.  Barren  Mudatones.   3)1".  D.  a: 
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shale  zone  at  the  top  of  the  Glenkiln  group  in  the  Dobb's  Linn 
section.  They  likewise  rest  on  a  prominent  mass  of  mud- 
stones  and  cherts  with  radiolaria,  the  thickness  of  which  cannot  be 
safely  estimated  owing  to  the  presence  of  faults.  They  present  the 
following  lithological  characters  in  descending  order : 

1.  Alternations  of  grey  cherty  ribs  and  mudstones. 

2.  Zone  of  bine-grey  mudstones  weathering  yellow. 

3.  Grey  ribbed  cherts  with  radiolaria. 

4.  Yellow,  spotted,  ashy  band,  resembling  a  fine  volcanic  tuff. 

The  foregoing  succession  of  cherts  and  mudstones  is  apparently 
much  thicker  than  the  cofrresponding  zone  in  the  Dobb's  Linn 
section,  but  it  here  rests  on  a  similar  mass  of  black  shales  with 
characteristic  Glenkiln  fossils,  which  with  the  mudstones  and 
cherts  is  repeated  by  minor  folds  (Fig.  10).  The  following 
assemblage  of  forms  was  obtained  from  these  exposures : 

Cotnoffraptus  pertenuis  (IjApw.)  '   Diph^raptus  angustifolius  (RaH.) 


Thamnoffraptus  typhis  (Hall.) 
Dicranograptus  zic-zac  (Lapw.) 

minimus  (Lapw.) 
ramo9U8  (Hall.) 


>9 


Glimacograptus  pdttfer  (Lapw.) 
DiceUoc^raptus  patvlosus  (Lapw.) 
DipHograptus  foliacefaa  (Murch.) 


The  members  of  the  Glenkiln  group  are  succeeded  on  both 
sides  of  the  gorge  by  the  Lower  Hartfell  black  shales.  As  the 
observer  descenobs  the  Selcoth  Bum  from  the  Rae  Grain,  towards 
the  bend  in  the  former  stream,  he  finds  that  the  Glenkiln  Shales 
disappear  and  pass  underneath  the  overlying  zones.  The  succession, 
however,  is  not  undisturbed,  for  there  seems  to  be  a  reversed 
fault  truncating  the  strata  along  this  part  of  the  stream  course — 
a  structural  feature  to  be  referred  to  presently  (Figs.  10, 11,  and  12). 

On  the  north  limb  of  the  ft)ld,  on  Graigmichan  Scaurs,  the 
following  forms  have  been  obtained  from  the  ClimacogTaptti% 
Wilsoni  zone,  at  the  base  of  the  Hartfell  group  : 


Climaeoffraptus  WiUoni  (Lapw.) 

,,  bicomis  (Hall.) 

Dicranograptua  ramoims  (Hall.) 


Olo89ograptus  Hincksi  (Hopk.) 
DiplograptiLs foliaceus  (Murch.) 
Cknynoides  calycvlaris  (jS^ich,) 


Next  in  order  come  the  black  flaggy  shales  of  the  Bicranograptus 
Clingani  zone,  containing  the  following  assemblage  of  fossils : 


Leptograptus  flaeeidus  (Hall.) 
Dicranograptiu  ramosus  (Hall.) 

,,  NiehoUoni  (Hopk.) 

Dicellograptus  Farchhammeri 

(Qeimtz,) 

,,  maffcUenns  (Carr.) 


Diplograptus  foliacevs  (Murch.) 
Glimacograptus  hicomis  (Hall.) 

, ,  caudahis  (Lapw. ) 

Retiolites  (Neurograptus)  fibratus 

(Lapw.) 
Carynoides  calycularis  (Nich.) 


To  these  beds  succeed  the  black  slaty  shales  that  form  the  highest 
zone  of  the  Lower  Hartfell  group,  yielding  the  characteristic  forms : 


PUurograptus  linearis  ^Carr.) 
Lepiograptus  fiaccidus  (Hall.) 
DiceUograptus  Morrisi  (Hopk.) 
„  eUgans  (Carr.) 


Glimacograptus  tvhuliferus  (Lapw.) 
Diplograpius  qyadrimv^rorixtus 
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Overlying  these  fosBilileroQB  zones  comes  a  fine  develop- 
ment of  the  Barren  MudstoneB,  whicli  can  be  traced  from  the 
bend  in  the  Selcoth  Bum  alonf  the  north-west  limb  of  the 
anticline  for  half  a  mile.  Owing  to  their  peculiar  mode  of 
weathering,  their  outcrop  can  readily  be  followed  along  this 
magnificent  crag,  where  they  are  overlain  by  the  members  of 
the  Birkhill  group.  When  the  Hartfell  black  shales  and  the 
Barren  Mudatones  are  followed  along  the  strike  south-westwards 
along  Craigmichau  Scaurs  to  the  great  bend  in  the  Selcoth  Bum, 
they  are  there  seen  to  be  truncated  by  a  reversed  fault  which 
ie  probably  the  continuation  of  that  at  the  foot  of  the  Kae 
Grain.  A  few  yards  north  of  the  bend  this  dislocation  is 
succeeded  by  several  small  reversed  faulte  trending  towards  the 
north-west,  which  repeat  slices  of  the  Hartfell  black  shales  and 
the  overlying  Barren  iludstones  (Fig.  13,  3"  3'"). 

Next  in  order,  above  the  Barren  Mudstones,  come  the  members 
of  the  Birkhill  group,  which  are  exposed  on  both  sides  of  the  arch. 
On  the  south  limb  of  the  main  isocline,  near  the  bend  in  the 
Selcoth  Bum,  the  black  flaggy  shales  of  the  lower  division  yielded 
specimens  of  Diplograptus  vesicido8U8  (Nich.),  CUmacogTO'ptits  inno- 
iatut  (Nich.),  C.  nornudis  (Lapw.),  Monoffraptus  teimis  (Portl.);  while 
the  overlying  sub-zone  there  furnished  Monographia  <ir&jarius 
(Lapw.),  M.  lobiferus  (M'Coy),  M.  Iriaiu/ultUvs  (Hark.),  M.  spiralis 
(Geinitz),  ClimcKo(}raph(s  nornudis  (Lapw.), 

N  S 


Fio.  12.— Section  in  Rao  Grain,  Selcoth  Burn. 
(For  wj>iaiiii(Min,  see  Fig.  11.) 

The  grevwackea  and  shales  of  Tarannon  age  are  found  in 
regular  order  above  the  highest  zone  of  the  Birkhill  Shales  in 
Craigmichan  Scaurs,  and  also  on  the  south-east  limb  of  the 
anticline.  High  up  on  the  slope  of  Capel  Fell  and  along  the 
great  crag  of  Craigmichan  Scaurs,  a  second  isoclinal  fold  of 
no  great  breadth  can  be  traced,  revealing  only  the  Birkhill 
Shales 
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The  evidence  regarding  the  relations  of  the  Mofiat  series  to 
the  overlying  gi'eywackes  and  shales  obtained  from  the  section 
in  Rae  Grain  still  further  conhrms  the  foregoing  order  of 
succession  (Figs.  11  and  12).  The  axis  of  the  great  isoclinal  fold 
on  Craigmichan  Scaurs  is  prolonged  north-eastwards  to  the  foot  of 
the  Kae  Grain,  where  the  Olenkiln  black  shales  and  the  associated 
mudstones  and  cherts  with  radiolaria  are  exposed  (2,  2^  in 
section,  Fig.  12).  On  the  south  side  they  are  truncated  by  a 
reversed  fault,  whereby  they  are  made  to  overlie  the  Lower 
Hartfell  black  shales  on  the  south  limb  of  the  fold  (3°). 
Northwards  in  the  Rae  Grain  the  members  of  the  Glenkiln  group 
are  overlain  by  folded  and  crumpled  slaty  black  shales  with 
characteristic  Lower  Hartfell  forms  (3",  Fig.  12),  followed  by 
an  exposure  of  decomposing  brown  and  grey  shales  and  mud- 
stones  representing  the  Barren  Mudstones.  Next  in  order  come 
the  black  flaggy  shales  charged  with  D.  vesiculosiis  (4'",  Fig.  12), 
succeeded  by  the  Upper  Birkhill  zones,  which  plunge  undemeatii 
the  greywackes  and  shales  of  Tarannon  age.  On  referring 
to  the  ground-plan  (Fig.  11),  it  will  be  seen  how  the  latter  are 
thrown  into  sharp  sjmclinal  folds  to  the  north-west  of  the  main 
isocline,  being  there  underlain  by  the  Bastrites  maasimus  zone  of 
the  Upper  Birkhill  Shales.  It  is  evident,  therefore,  that  no 
great  thickness  of  Tarannon  greywackes  and  shales  intervenes 
between  the  successive  isoclines  of  the  black  shale  series  in 
Craigmichan  Scaurs  and  (Japel  Fell. 

Turning  now  to  the  soutii  limb  of  the  fold  at  the  foot  of  Rae 
Grain  (Fig.  12),  we  notice  that  the  Lower  Hartfell  black  shales, 
which  are  there  much  shattered  and  contorted,  are  succeeded  by 
the  Barren  Mudstones.  Next  in  order  come  the  members  of  the 
Birkhill  division  (4™,  4™')  with  an  inverted  dip  to  the  north-west, 
followed  by  the  Tarannon  greywackes  and  shales. 

One  of  the  striking  features  in  the  section  in  the  Selcoth 
Bum  below  the  great  bend  is  the  repetition  of  the  Birkhill 
Shales  by  a  succession  of  sharp  isoclinal  folds  in  the  midst  of 
the  Tarannon  j^reywackes  and  shales,  which  have  been  figured 
and  described  by  Professor  Lapworth  in  his  paper  on  '*The 
Moffat  Series."*  The  accompanying  ground  plan  and  series  of 
horizontal  sections  (Fig.  13)  illustrate  the  relations  of  the  strata. 
Here  there  are  six  isoclinal  folds,  each  dipping  to  the  north-west, 
revealing  some  of  the  Birkhill  zones  amid  the  overlying  flags 
and  shales.  The  south-east  limb  of  each  arch  is  truncated  by 
a  reversed  fault  whereby  different  zones  of  the  Birkhill  Shales 
are  made  to  overlie  the  Tarannon  flags  and  shales.  The  most 
northerly  isocline  occurs  about  600  yards  down  stream  from  the 
great  bend  in  the  Selcoth  Bum  (Section  1,  Fig.  13),  where  on 
the  north  side  of  the  arch  about  24  feet  of  stained  shales  appear, 
which  are  streaked  with  white  clays  and  dark  seams,  the  latter 
being  charged  with  Rastrites  maximus.     These  are  underlain  by 

•  Quart.  Jour.  Geol.  Soc.,  Vol.  xxxiv.,  p.  264. 
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lower  zones  of  the  Upper  Birkhill  division,  wliich  are  abruptly 
truncated  by  a  reverawi  fault.  lu  Sections  3  and  4  (Fig.  13)  the 
Lower  Birkhill  Shales  are  likewise  represented  in  the  centre  of 
the  isoclinet),    many    forma  characteriatic  of  the  Monogruytus 


Fig.  13. — Pkn  and  Sections  in  Sulcoth  Bum. 
3c.  Glankilo   chert.      S'l-  Lower  Hartfell   Shales.      311'.  Barren  &IucUt«nea. 


f.  Reversed  Faults. 


gregariua  and  Dij^lograptus  veiiculosui  zones  being  here  obtain- 
able. Indeed  the  horizons  of  the  various  bands  in  the  suc- 
cessive anticlines  can  be  readly  determined  by  the  included 
fossils,  though  in  some  instances  the  individual  zones  are  thrust 
E^ainst  each  other.  The  following  forms  have  been  obtained 
from  the  black  seams  associated  with  whit«  clays  belonging  to 
the  M.  spinvjerus  none  of  the  Upper  Birkhill  division  in  one 
of  these  isoclinal  folds : 


Monoffra^la 


I  sptntifenu  (Nioh.) 
Hisingeri  (Cmt.  ) 
joculum  (Lapw.) 
Sanderaoni  (Lapw.) 
leptothtca  (Lftpw.) 
temiu  (PorU.) 


Monograjytus  Ciingani  (Carr. ) 
DipUigrapUu  ginualus  (Nich.) 

„  (rtmariscws  (Nich.) 

Petcdograylm  folium  (His.) 
PeitocarU  aptyrhoidet  (Salt, ) 


In  describing  these  isoclines.  Professor  Lapworth  called 
attention  to  the  fact  that  the  angle  of  inversion  of  tite  asiat 
planes  "decreases  in  proportion  as  we  pass  outwards  from  the 
chief  anticlinal  line,'  or,  in  other  words,  as  we  descend  the 
stream  towards  the  northmost  fold. 

From  the  evidence  supplied  by  the  great  anticlinal  fold  in 
Selcoth  Bom  and   Craigmichan   Scaurs,   it  is  clear  that   the 
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sequence  of  the  Moffat  series  described  in  the  foiregoing  para- 
graphs is  placed  beyond  dispute.  The  distinctive  lithological 
ana  palaeontological  features,  so  apparent  in  Dobb's  Linn,  are 
no  less  marked  in  the  sections  just  described.  As  yet  there  is 
no  indication  of  any  change  in  the  physical  conditions  which 
mark  certain  zones  to  the  north-west  and  south-east  of  the  typical 
Moffat  area. 
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CHAPTER  VI. 

THE  CENTRAL  BELT— coritinmd, 

BLACK  SHALE  BANDS   SOUTH  OF  MOFFATDALE. 

Having  indicated  the  order  of  succession  in  the  Moffat  black 
shales,  we  shall  now  proceed  to  describe  the  various  outcrops  of 
the  series  in  the  region  lying  to  the  south-east  of  St.  Mary's 
Loch  and  Moffatdale.  A  glance  at  the  map  (Sheet  16)  will 
show  that  in  the  narrow  belt  of  high  ground  between  the  Moflfat 
Water  and  the  Lower  Ettrick  there  is  a  series  of  persistent  bands 
of  the  black  shales  running  more  or  less  parallel  to  each  other 
and  coming  to  the  surface  along  sharp  anticlinal  folds.  The 
belt  of  territory  along  which  these  bands  can  be  traced  extends 
from  the  Permian  basin  of  Moffat  at  Bellcraig  to  the  vale  of 
Yarrow,  a  distance  of  18  miles. 

i.  The  Band  of  Bodesbeck  Summit,  Range  Clench,  Muchra,  and 

Grossdeuch,  St,  Marifs  Loch, 

At  the  south-west  termination  of  this  band,  which  is  traceable 
for  a  distance  of  10  miles,  there  is  a  well-marked  isoclinal  fold 
in  the  black  shales  about  100  yards  north-east  of  the  road  on 
Bodesbeck  summit.  Only  the  highest  bands  of  the  Birkhill 
Shales  are  visible  in  the  heart  of  the  greywackes  and  shales,  the 
strata  dipping  to  the  north-west. 

Range  Clench. — ^Towards  the  north-east  along  the  outcrop, 
the  members  of  this  series  are  again  visible  in  the  Range  Clench, 
a  tributary  of  the  Upper  Ettrick.  Here,  in  a  beautiful  isoclinal 
fold,  the  various  subdivisions  are  clearly  defined  where  two 
streams  unite  to  form  the  Range  Clench.  In  the  centre 
of  the  anticKne  the  black  shales  belonging  to  the  Lower  Hartfell 
horizon  appear,  and  these  are  succeeded  in  regular  order  by  the 
Barren  Mudstones  yielding  near  the  top  the  characteristic 
form  Dicellograptus  anceps.  To  these  succeed  the  flaggy  shales 
containing  the  Lower  Birkhill  graptoEtes,  followed  by  the  clays, 
grey  and  black  shales  forming  the  upper  portion  of  this  group. 
The  highest  bands  in  contact  with  the  greywackes  on  both  limbs 
of  the  arch  yield  Rastrites  nfiaximus  and  M,  Sedgirichi.  The  strata 
are  considerably  crumpled,  but  the  sequence  is  none  the  less 
apparent. 

Rowantree  Gutter. — Further  to  the  north-east  in  a 
small  cleugh  flowing  into  the  Kirkhope  Bum  there  is  a  similar 
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isocline  showing  the  Hartfell  black  shales  in  the  core  of  the 
arch,  which  have  yielded  the  following  forms : 


Pleurograptus  linearu  (Carr.) 
Leptograptus  flaccid\M  (Hall. ) 
DiplograpttiJiffAiacetM  (Murch. 


Clivuicograptus  bicomis  (Hall.) 
Dicdlocfraptu*  pumilxis  (Lapw.) 

Forchham^iieri  (Geinitz. ) 


♦  » 


tnnvcntMs  (Lapw.)  „  wojfafeima  (Carr.) 


These  are  succeeded  by  the  Barren  Mudstones  and  the 
Birkhill  Shales.  On  the  south  limb  of  the  fold  the  greywackes 
and  shales  follow  in  regular  order,  but  on  the  north  limb  the 
natural  sequence  is  disturbed  by  a  fault. 

Brockhope  Bur n. — An  instructive  section  is  met  with 
near  the  head  of  this  stream  showing  how  the  Moffat  black 
shales  gradually  **no9e  out"  or  disappear  under  the  overlying 
greywackes  as  we  ascend  the  slope  to  higher  ground. 
In  the  Brockhop^  Burn  the  isoclinal  fold  reveals  the 
Upper  Birkhill  zones,  with  the  white  clays,  grey  shales,  and 
black  shales,  the  highest  bands  on  either  side  yielding  Rastrites 
maximus  and  Monograptus  Sedgivicki,  But  as  we  ascend  the 
streamlet  on  the  east  bank  (the  Overscar)  the  zones  gradually 
coalesce  till  at  the  1750ft.  contour  line  they  pass  underneath 
the  Tarannon  greywackes. 

Trow  Grain. — Still  further  to  the  north-east  two  streams 
unite  to  form  the  Back  Bum,  which  joins  the  Ettrick  at  Brock- 
hoperig.  At  the  junction  of  the  streams,  the  isoclinal  fold  again 
appears,  with  the  Lower  Birkhill  bands  in  the  centre  and  the 
higher  zones  on  either  side.  From  these  exposures  the  following 
forms  have  been  obtained :  Monograptus  leptotheca  (Lapw.),  M, 
trimigulatus  (Hark.),  M.  lobiferus  (M*Coy),  Af.  sjnralis  (Geinitz), 
Rastrites  maximus  (Carr.). 


Fio.  14. — Section  in  Trow  Grain,  Ettrick  Water. 

311'.  Barren  Mudstones.      41".  Lower  Birkhill  Shales.      4111'.  Upper  Birkhill 

Shales.     4.  Tarannon  series. 

Not  far  to  the  east,  in  the  Fala  Grain,  this  isoclinal  fold  is 
further  demonstrated  by  the  appearance  of  the  Barren  Mud- 
stones in  the  core  of  the  arch,  bounded  on  either  side  by  the 
flaggy  black  shales  containing  Diplograptus  vesicnlosus  and 
Monograpttts  gregarius,  succeeded  by  the  grey  shales,  clays,  and 
dark  seams  of  the  Upper  Birkhill  group. 

Far  up  the  south  slope  of  Herman  Law,  in  a  streamlet  flowing 
into  the  Black  Grain  and  also  in  the  latter  stream,  there  is  an 
exposure  of  the  Upp^r  Birkhill  beds  in  the  midst  of  the  grey- 
wackes. In  the  main  stream  these  zones  are  repeated  by  several 
sharp  folds,  but  in  the  small  tributary  only  one  is  seen.     At  one 
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locality  the  fossils  are  in  a  fine  state  of  preservation.     Those 
obtained  are  given  in  the  following  list  : 

MoiUMjraptus  Sed/jwicki  (PortL)  |   Rastntea  pereifHnus  (Batt.) 

attenuatus  (Hopk.)  ,,        duftana  (Lapw.) 


spircUu  (Geinitz.)  ,,        capiUaris  (CaiT.) 

lepiotheca  (Lapw.) 


In  the  Muckra  Burn  the  north-east  prolongation  of  this  band 
is  visible,  but  in  part  of  this  section  the  black  shales  are  very 
much  shattered  and  crushed,  so  that  it  is  difficult  to  interpret 
the  sequence  with  certainty.  The  lowest  beds  exposed  seem  to 
represent  the  Barren  Mudstones  overlain  by  the  Lower 
Biirkhill  Shales.  Towards  the  north,  the  upper  beds  of  this 
division  are  repeated  by  folds,  and  yield  Monograptus  spinigerus, 
M,  Hisingeri,  M.  Sedgtvickiy  and  Rastrites  maaoimris.  On  both  sides  of 
the  anticline  they  plunge  underneath  the  Llajidovery  greywackes. 

Again  at  Crosscleuch,  near  St.  Mary's  Loch,  only  the  Birkhill 
beds  are  represented,  there  being  two  small  anticlines  with  an 
intervening  syncline  of  greywackes. 

ii.  Band  of  Thirlstane  Score, 

Not  far  to  the  south  of  the  band  just  described,  and  about  a 
mile  to  the  east  of  St.  Mary's  Cottage  at  the  south  end  of 
St.  Mary's  Loch,  a  small  anticline  in  the  black  shale  series 
is  traceable  for  no  great  distance.  The  section  is  visible 
in  a  small  stream  flowing  into  the  Thirlstane  Bum.  The  lowest 
beds  exposed  belong  to  thejlower  portions  of  the  Birkhill  group, 
and  form  the  core  of  thej'^arch.  They  ^yield  Diplograptus 
actuninatus,  D.  vesiculosuSy  and  Monograptu8\gregarvu8.  These 
are  succeeded  by  the  black  and  grey  shales  and  mudstones, 
partly  of  a  purple  colour,  charged  with  if.  spinigerus,  followed 
in  order  by  the  highest  bands  containing  Rastrites  maximus  and 
Monograptus  Sedgwicki  in  excellent  preservation.  An  intrusive 
felsite  dyke  is  traceable  along  the  north-west  limb  of  the  fold. 
The  anticline  is  inverted,  and  the  various  zones  succeed  each  other 
regularly  on  both  sides  of  the  arch.  But  in  the  intervening 
area  the  sequence  is  disturbed  by  a  normal  fault.  On  the 
east  limb  of  the  fold,  the  anticline  of  the  Lower  Birkhill  zones 
is  truncated  by  a  normal  fault  bringing  down  higher  members 
of  this  division  into  conjunction  with  the  lower. 

Hi.  Band,  extending  from  Pot  Law  hy  Peniestone  Knoire  to  Moory 
Sike :  probable  continuation  towards  the  south-ivest  from 
Capel  Fell  to  Craig  Fell. 

For  a  distance  of  eight  miles  this  band  is  traceable  between 
Pot  Law  and  Moory  Sike ;  but  towards  the  south-west,  after  a 
gap  of  about  a  mile  and  a  half,  a  band  of  black  shales  appears 
much  on  the  same  line  of  strike,  extending  for  three  miles  from 
Capel  Fell  to  Craig  Fell. 


The  Central  Belt—Tit^  Moffat  Series.  Ill 

Cossarshill  B urn. — ^Aboiit  a  mile  and  a  half  to  the  east 
of  Birkhill,,  an  interesting  transverse  section  of  this  band 
is  to  be  seen  in  a  small  stream  at  the  head  of  Cossarshill 
Bum,  a  tributary  of  the  Ettrick.  At  the  northern  end  the  grey 
shales  wdth  dark  seams  containing  Rastrites  maayimus  dip  below 
the  Tarannon  greywackes  and  shales  at  high  angles.  Descend- 
ing the  section,  these  higher  zones  with  black  seams  and  white 
clays  are  repeated  by  sharp  inverted  folds.  Soon  the  hard  black 
flaggy  shales,  charged  with  Diplograptus  vesiculosus,  rise  from 
underneath  them.  These  Lower  Birkhill  beds  are  cut  off  on 
the  south  side  by  a  fault  that  brings  them  into  contact  with  the 
Tarannon  flags  and  shales.  Further  down  the  section  we  meet 
with  three  succassive  anticlines  of  the  Birkhill  beds  belonging 
to  the  higher  zones,  the  intervening  synclines  being  occupied 
by  flags  and  shales. 

Further  to  the  north-east  this  band  is  exposed  in  the  Riskin- 
hope  Burn,  which  flows  for  some  distance  along  the  strike 
of  the  beds.  At  the  head  of  the  stream  the  grey  and  black 
shales  appear,  charged  with  Rastrites  maximus,  but  further  down 
the  sections  lower  horizons  come  to  the  surface.  The  fla^^ 
shales  with  Diplograptus  vesiculosus  and  Mcniograptus  gregaritLs  are 
met  with,  and  at  one  point  there  is  a  small  exposure  of  the  Lower 
Hartfell  black  shales  in  the  midst  of  the  Barren  Mudstones. 

Moory  Sike.  —  Further  to  the  north-east,  a  fine  trans- 
verse section  of  this  band  is  found  in  the  Moory  Sike,  a  tributary 
of  the  Whitehope  Bum  flowing  into  the  Loch  of  the  Lowes. 

NN.W. 


Fig.  16. — Section  in  Moory  Sike,  above  Loch  of  the  Lowes. 

(Length,  150  yards.) 

311.  Lower  Hartfell  Shales.  311'.  Barren  Mudstones.  4111.  Lower  Birkhill 
Shales.  4111'-  Upper  Birkhill  Shales.  4111".  R.  maximus-zone,  4.  Taran- 
non series,     f .  Fault. 

At  the  south  end  of  the  section,  at  the  waterfall,  the  greywackes 
and  shales  are  brought  into  contact  with  some  of  the  Birkhill 
zones  by  a  fault.  Close  to  the  fault,  dark  shales  appear, 
alternating  with  white  clays,  and  dipping  to  the  south.  These  are 
followed  by  the  black  flaggy  shales  of  the  Diplograptus 
vesiculosus  zone.  For  a  short  distance  there  is  an  exposure  in 
a  highly  contorted  form  of  grey  shales,  blue  clays  with  black 
shales,  and  white  clays  representing  the  higher  members  of  the 
Birkhill  group.  Further  north  the  black  flaggy  shales  again 
appear  belonging  to  the  Diplogrdptus  vesiculosus  zone.     These 
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are  faulted  against  the  Lower  Hartfell  black  shales  and  a  small 
portion  of  the  Barren  Mndstones.  The  Hartfell  black  shales 
are  highly  contorted,  but  they  seem  to  be  arranged  in  an  anti- 
clinal fold,  for  the  BaiTen  Mndstones  reappear  on  the  north 
side  of  the  fold.  Several  of  the  characteristic  zones  can  be 
proved  by  means  of  the  fossils.  The  lowest  bands  yield  Clima- 
cograptus  Wilsoni  ^ind  THcranograpttis  Glingani,  D.  ramos^is,  and 
Gorynmdes  caiycuUms.  The  highest  zone,  Pleurograptus  linearis,  is 
met  with,  and  towards  the  north  it  plunges  below  the  Barren 
Mndstones  with  black  seams  yielding  BiceUograpius  anceps. 

By  means  of  a  fault  the  Barren  Mndstones  are  brought 
into  conjunction  with  the  Upper  Birkhill  beds.  These  consist  of 
grey  shales  with  black  bands  yielding  \Monograptus  spinig&rus  and 
M.  Risingeri.  Further  north  these  pass  upwards  into  the  grey 
shales  w4th  white  clav  bands  of  the  RoiStrites  muximus  zone,  which 
are  repeated  by  means  of  small  folds. 

Though  this  section  is  disturbed  by  faults,  yet  it  is  sufficiently 
clear  that  the  lowest  beds  exposed  in  the  core  of  the  arch  belong 
to  the  Hartfell  black  shales,  succeeded  by  the  Barren  Mud- 
stones.  The  Birkhill  beds  are  also  found  on  both  limbs  of  the 
anticline,  and  on  the  north  side  they  pass  gradually  upwards 
into  the  Tarannon  flags  and  shales. 

iv.  Band  extending  from  Brockhope  Bum  hy  Whitehope  and 
Berryhfwwe  to  Eldinhope  in  the  Vale  of  Yarrow. 

This  band  is  traceable  for  a  distance  of  nine  miles  from  the 
basin  of  the  Upper  Ettrick  to  the  Vale  of  Yarrow. 

Black  Grai n. — One  of  the  chief  sections  across  this  band 
is  exposed  in  the  Black  Grain,  a  small  tributary  of  the  Back 
Bum  joining  the  Ettrick  at  Brockhoperig.  At  the  northern 
limit  of  the  section,  grey  and  purple  shales  with  dark  seams 
are  associated  with  flaggy  shales  and  g^eywackes  which  evidently 
represent  the  higher  zones  of  the  Birkhill  division.  These  dip 
to  the  north-west  at  high  angles.  iRising  from  underneath  these 
beds  come  the  black  flaggy  shales  of  the  Wiplograptus  vesicvlosuB 
zone,  forming  a  flat  arch  truncated  on  the  south  side  by  a 
fault  bringing  in  the  grey  flags  and  shales  overlying  the 
highest  Birkhill  zones.  Descending  the  stream,  the  grey  and 
purple  shales  with  dark  seams  appear  passing  downwards  into 
the  gnarled  and  flaggy  black  shales  of  the  Diplograptus 
vesicvlosus  zone. 

These  are  underlain  by  a  small  exposure  of  the  Barren 
Mndstones,  which,  yielding  Bicellograptus  anceps  and  Diplo- 
graptus truncatuSy  form  the  centre  of  the  arch.  On  the  south  side 
of  the  fold  they  are  followed  in  natural  sequence  by  the  black 
flags  of  the  D.  vesictdosus  zone.  Overlying  the  Lower  Birkhill 
Shales,  grey  and  black  shales  yield  Monogra/ptus  spinigerus.  These 
beds  pass  upwards  into  grey  and  purple  shales  with  dark  seams 
and  whito  clays,  representing  the  upper  portion  of  this  division, 
from  which  have  been  obtained  Rastrites  maximus  and  Monograptus 
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Sedgwidkd,  At  the  south  end  of  the  section  there  is  a  great  cliff  of 
grey  flags  and  shales  with  greywacke  bands,  including  repetitions 
of  some  of  the  Monograpius  Sedgwicki  bands. 

Whitehope  Burn. — ^In  this  section  the  Birkhill  Shales, 
ranging  from  the  Monograptus  gregarius  zone  to  the  top  of  the 
series,  are  visible,  and  though  the  strata  are  much  disturbed  and 
contorted  there  is  sufficient  evidence  to  show  that  they  are 
arranged  generally  in  an  anticlinal  fold. 

Eldinhope  Bur n. — ^At  the  north-east  termination  of  this 
band  there  is  a  small  exposure  in  this  bum,  in  which  only  the 
highest  zones  of  the  Birkhill  division  appear.  On  the  north, 
the  Rnstrites  maximus  bands  plunge  underneath  the  greywackes 
and  shales  underlain  by  the  M,  sptnigerus  zone ;  while  towards 
the  south  the  highest  bands  dip  below  the  greywackes. 


V.  Mounfbenger. 

An  interesting  section  is  met  with  in  this  stream  close  by  the 
road  in  the  Yale  of  Yarrow,  where  the  strata  are  arranged  in  an 
anticlinal  form.  Towj^rds  the  north  the  highest  zones  of  the 
Birkhill  division,  consisting  of  grey  and  purple  shales  with  black 
seams  and  white  clays,  pass  underneath  the  greywackes  and  shales. 
They  contain  in  admirable  preservation  the  characteristic  forms, 
RastrUes  maamhus,  Monogra/pttis  Sedgnmhi,  &c.  The  beds  are  under- 
lain by  black  shales  representing  the  Lower  Birkhill  beds. 
The  section  is  not  continuous,  but  in  the  centre  there  seems  to 
be  a  double  fold  of  the  Lower  Hartfell  black  shales  with  the 
Barren  Mudstones.  The  horizon  of  these  black  shales  is 
evident  from  the  accompanying  list  of  fossils  obtained  at  that 
locality: 


Pleuro^raptus  liiiearis  (Carr.) 
DiceUografthis  Forchhammeri  (Greinitz.) 

moffatensis  (Carr.) 
caducens  (Lapw.) 
Morrisi  (Hopk.) 
elegans  (Carr.) 
Leptograptu8  flaccidus  (Hall.) 


»» 


>» 


»» 


»» 


Climacograptits  hicornis  (Hall.) 

,,  tidmliferua  (Lapw.) 

Diplograptus  truncatus  (Lapw.) 
,,  foliace'as  (Murch.) 

Siphonotreta  micida  (M*Coy.) 
Acrotreta  Ni<iholsoni  (Dav.) 


Further  south,  after  a  blank  in  the  section^  the  Birkhill  Shales 
again  appear,  the  lowest  consisting  of  the  hard  flaggy  shales  of 
the  D.  vesieulosus  zone,  followed  by  the  grey  and  black  shales 
and  clays  of  the  upper  portion  of  the  group.  From  the  various 
exposures  of  the  Birkhill  beds  at  Mountbenger  the  following 
forms  have  been  obtained : 


Monograptus  Sedgwicki  (Portl.) 

triangtdatus  (Hark.) 
lobiferus  (M*Coy.) 
cTfpfms  (Lapw.) 


»» 


»i 


Monograptus  Hiaingeri  (Carr.) 
,,  hptotheca  (Lapw.) 

,,  Sandersoni  (liipw.) 

Rastrites  peregrinus  (Barr.) 


To  the  south-west  of  the  band  of  black  shales,  extending  from 
Altrieve  to  Brockhope  Bum,  another  has  been  traced,  much  in 
the  same  line  of  strike,  from  that  stream  to  the  eastern  slope  of 

H 
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Capel  Fell — a  distance  of  about  four  miles.  After  a  gap  of 
about  half  a  mile,  a  band  reappears  on  the  crest  of  Capel  Fell, 
and  can  be  followed  at  intervals  to  Brackenside  Bum. 

rt.  Band  extending  frmn  lieUxyraig  hj  Craigmicluin  Scaurs^ 
Entertrmm,  ilie  Up}ier  Etirick,  to  Berryhush. 

On  referrinjif  to  Sheet  16,  it  will  be  seen  that  between  Bell- 
craig  at  the  edge  of  the  basin  of  Permian  rocks  at  Moffat  and 
Berrybush,  two  miles  east  of  the  Loch  of  the  Lowes,  a  band  of 
black  shales  can  be  traced  more  or  less  continuously.  At 
intervals,  owing  to  the  intense  plication  of  the  strata,  thin 
portions  of  the  Tarannon  greywackes  and  shales  occupy  narrow 
synclinal  folds  in  the  Moffat  series.  Hence  it  frequently 
happens  that  minor  anticlines  of  the  black  shales  branch  off  from 
the  dominant  fold,  forming  wedge-shaped  masses  in  the 
Tarannon  greywackes.  Where,  owing  to  denudation,  the  latter 
beds  have  been  removed,  the  folds  are  represented  in  the 
black  shale  series.  For  convenience  of  description,  therefore, 
the  various  outcrops  of  the  Moffat  Shales  along  the  foregoing 
line  will  be  regarded  as  belonging  to  one  general  band. 

Bellcraig. — ^The  physical  relations  of  the  strata  in  this 
important  section  have  been  worked  out  by  Professor  Lapworth. 
The  section  occurs  partly  in  the  Bellcraig  Bum  and  partly  in  one 
of  its  small  bitinchos,  the  Hodge  Bum. 

Fig.  16. — Section  in  Hodge  Bum,  Bellcraig,  Moffat. 

C.  Radiolarian  chert.  21.  Glenkiln  Shales.  311.  Lower  Hartfell  Shales. 
311'.  Barren  Mudstones.  4111.  Lower  Birkhill  Shales.  4111'.  Upper  Birk- 
hill  Shales.     4111''  i2.  moa^mus-zone.     4.  Tarannon  series,     f .  Fault. 

Beginning  with  the  transverse  section  exposed  in  the  Hodge 
Bum,  the  observer  finds  that  the  beds  have  a  uniform  inclination 
to  the  north-west,  and  hence  that  the  fold  is  isoclinal  and  the  southern 
limb  is  inverted.  The  relations  of  the  highest  zones  of  the 
Birkhill  group  to  the  Tarannon  greywackes  are  clearly  seen  at 
the  southern  limit  of  the  section.  There  the  latter  dip  to  the 
north-west  at  angles  from  45**  to  50°,  and  are  succeeded  by 
flaggy  beds  and  shales  with  black  shales  and  thin  white  clays 
associated  with  blue  shales  and  black  grits.  From  the  black 
bands  the  following  forms  have  been  obtained,  indicating  that 
they  belong  to  the  highest  zone : 

i?aj/ri*e«  maxi'wtw  (Carr.)  Afono<jr/'ajt)fi«  ^erfgrtyicAi  (Portl). 

capiUaris  (Carr. )  , ,  Harrand^i  (Tullb. ) 

distuns  (Lapw.) 


>7 


«» 
»» 
»» 
»» 
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Prom  the  bands  representing  the  M,  lohiferm  sub-zone  the  fossils 
given  in  the  accompanying  list  were  got : 

Monograptus  lobiferus  (M*Coy.)  Diplograptus  taniariscns  (Nich.) 

triangulaiit^  Hark . )  Pftal^)graptus  folium  (His. ) 

xjyiralis  (Geinitz.)  Diinorphograptu.^  Svxinstimi  (Lapw.) 

proteus  (Barr.)  Ra^ntntes  hybridv.s  (Lapw.) 
leptotheca  (Lapw.) 

Next  we  find  the  bands  yielding  M.  i/regaruis  and  the  black 
flaggy  shales  of  the  D,  vesicvlosus  zone  containing  the  following 
fossils : 

Diplograptus  vesiculofnis  (Nich.)  M<m4tgraphi8  tenuis  (Portl. ) 
Climacoi^ptiis  scalaiHs{tim.)v&T.  ,,  attenuates  (aopk.) 

,,  normalis  (Lapw.)  ,,  ^-e^aritw  (Lapw.) 

Dimorphoffrapttis  SwanstonillApw.)  ,,  leptotheca  {Jj&pw.) 

To  these  beds  succeed  the  shattery  dark  shales  of  the 
D,  acuminatus  zone,  which  are  repeated  by  small  folds  at  the 
bend  of  the  bum  above  the  old  hill-road.  This  horizon  has 
yielded  the  following  forms : 

Dimorphograptus  eUmgatus  (Lapw.)  '    Diplograptus,  sp. 

,,               Swanstoni  (Lapw.)  Monograptus  tenuis  (Portl.) 

Diplograptus  acuminatus  ^Nich.)  ,,            att^nuatus  (Hopk.) 

Climacograptus  ^larmalis  (Lapw.)  ,,            Hisirujefri  (Carr.) 

Climacograptus,  sp.  ,    Dawsonia  campanukUa  (Nich.) 

Here  a  small  fault  intervenes,  bringing  the  basal  zones  of  the 
Lower  Birkhill  division  into  contact  with  the  Hartfell  shales ;  for 
in  the  stream  near  where  it  is  crossed  by  the  old  roadway  the  black 
shales  vielded  these  characteristic  forms : 

Pleurograptus  linearis  ^Carr.)  [    Cryptograptus  triconiis  (Carr.) 

Leptograptus  flaccidus  (Hall.)  Diplograptus  foliaceus  (Murch.) 

Dieellograptus  m4>ffat^tisis  (C&TT.)  ,,         qttadrimucronatus  (HaM.) 

elegans  (Carr.)  Glimcu^xtgraptus  tubuliferus  (Lapw.) 


»» 


Immediately  to  the  north  of  the  old  roadway  in  the  Hodge  Bum 
the  Glenkiln  black  shales  appear  in  the  core  of  the  arch  charged 
with  certain  typical  forms  (2',  Fig.  16): 

Coinograptus  gracilis  (Hall.)  Dicellograptus divaricatus  (Hall.) 

,,  surcularis  (Hall.)  ,,  sextans  (Hall.) 

Didymograptus  superstes  (Lapw.)  Oryptogt'uptus  tricomis  (Carr.) 

Dicranograptus  formosus  (Hopk.)  Lasiograptus  bimucronatus  (Nich.) 

,,  ramosus  (Hall.)  Diplograptus  mucronaiusCAaXi.) 

DiceUograptus  pcttulosus  (Lapw.)  Olimacograptus  bicomis  (Hall.) 

On  their  northern  margin  the  Glenkiln  black  shales  are 
bounded  by  a  fault  bringing  down  the  Barren  Mudstonew, 
which  occupy  the  lower  portion  of  the  section,  to  a  point  near 
the  junction  of  the  two  streams.  There  is  a  fine  exposure 
also  of  this  Upper  Hartfell  group  in  the  main  stream 
above  the  junction  with  the  Hodge  Bum;  the  Barren  Mud- 
stones  are  succeeded  by  black  shales  yielding  Leptograpiiis 
flaecidns    and    Pleurograptus,       These    are    faulted    against    the 
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Birkhill   Shales  seen   at  the  junction  of  the  streams   and  in 
Bellcraig  Bum,  where  they  have  yielded  the  following  forms : 

Diplograptus  tainariscas  (Nich.) 
Petulograptus  folium  (His.) 
Cephcdograptus  coineta  (Geinitz.) 
Rastrites  peregrinus  (Barr.) 


Monograptu^  spiralis  (Geinitz.) 
Sedgimcki  (Portl.) 
fnangukittut  (Hark.) 
lohiferus  (M*Coy.) 
distans  {\jBLyw.)  j  ,,  attennatus  (Ko^^.) 

hyhndus  (LA]pw.)  '  ,,  leptotheca  (La^w.) 


Below  the  place  where  the  Bellcraig  Bum  is  crossed  by  a  basalt 
dyke  the  Glenkiln  black  shales  are  exposed  in  the  centre  of  the 
fold,  separated  on  the  north-west  side  from  the  Barren  Mud- 
stones  by  a  fault — evidently  a  continuation  of  that  seen  in  the 
tributaiy  burn.     These  strata  have  yielded  : 

Didymograptus  mperdea  (Tjapw.)  '  Diceliograptus  sextans  (Hall.) 

Canograptu^  gracilis  (H.aXi.)  j  Leptograptus  flaccidtis  (B.a\l,) 

,,  surcularis  (Hall.)'  |  Oryptograptus  tricomis  (Carr.) 

Thamnograptus  typus  (Hall.)  j  Lasiograptns  bimucronaJtus  (Nich.) 

Dicranograptus  fonnosus  (Hopk . )  Diplograptus  folia^ceus  (Murch . ) 

Diceliograptus  patulosi^  (LApw,)  1  ,,  sp. 

The  Bellcraig  anticline  of  the  Moffat  Shales  can  be  followed 
at  intervals  towards  the  north-east  in  the  direction  of  the  sources 
of  the  Brackenside  Burn,  and  thence  to  the  pass  at  the  head  of 
the  Wamphray  Water.  At  the  latter  locality  the  strata  form  a 
compound  anticline.  Near  the  head  of  the  stream  the  grey- 
wackes,  shales,  and  black  gi'its  on  the  south  side  of  the  arch  dip 
towards  the  north-west,  succeeded  by  the  Birkhill  Shales, 
Barren  Mudstones,  and  Hartfell  black  shales  with  their 
characteristic  fossils,  the  latter  forming  the  lowest  beds  exposed. 
On  the  north  limb  of  the  fold,  the  Barren  Mudstones  again 
appear,  followed  by  the  Birkhill  Shales,  which  are  thrown  into 
an  inverted  synclinal  fold  with  Tarannon  greyw^ackes  and  shales 
in  the  centre. 

From  this  latter  point  the  outcrop  descends  to  Selcoth  Bum 
and  Craigmichan  Scaurs,  which  sections  have  been  described  in 
detail  in  the  previous  chapter.  Here  the  Bellcraig  and  Enter- 
trona  band,  and  the  Upper  JEttrick  and  Berrybush  band  approach 
each  other  verv  closelv.  From  the  Selcoth  Bum  the  black  shale 
series  can  be  traced  north-east  to  the  Entertrona  Burn,  one  of 
the  tributaries  of  the  Upper  ICttrick  (Figs.  17,  18). 

The  section  in  the  Entertrona  Bum  reveals  the  presence  of 
black  grits  in  part  of  the  Birkhill  division.  In  the  higher  part 
of  the  stream  the  greywackes  and  flags,  with  zones  of  shale,  dip 
steadily  towards  the  north-west  at  angles  from  40**  to  60**. 
Descending  the  section,  black  grits,  grej^  grits,  and  black  shales  with 
reddened  bands,  yielding  M.  Sedgwicki,  appear  along  isoclinal  folds. 
These  occur  to  the  south  of  the  main  outcrop.  Further  down  the 
stream,  about  a  third  of  a  mile  from  its  junction  with  the 
Ettrick,  the  Birkhill  zones  are  exposed,  consisting  of  grey  shales 
and  clays,  dark  seams,  with  grey  and  black  grits  and  greywackes. 
The  dark  seams  yield  Rastrites  maxiimis.  In  the  centre 
of  the  arch  the  Glenkiln-Hartfell  black  shales  appear,  containing 
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Didymograpt'118  8ui>er8te8,  denoi/raptus  ffracUis,  JJicelloyraptus,  and 
Leptoyraptus.  On  the  north  side  the  black  grits  and  shales  with 
Af.  Sedgwicki  bands  succeed,  being  visible  as  we  approach  Over 
Phawhope. 

Potburn. — Joining  the  Ettrick  at  the  latter  point,  we  come 
upon  several  interesting  exposures  in  the  river,  downwards  to 
Potburn.  Crossing  the  alluvial  flat  at  Over  Phawhope,  the 
Barren  Mudstones  are  found  on  the  right  bank  of  the  stream, 
soon  followed  by  the  Hartfell-Glenkiln  black  shales.  In  the 
centre  of  the  fold  there  is  a  fine  exposure  of  white  cherts  with  a 
ribbed  mode  of  weathering  representing  the  radiolarian  zone. 
On  the  north-west  side  4he  black  shales  reappear,  followed  by 
alternations  of  blue  and  black  shales  with  white  clays  and  black 
grits  representing  the  Birkhill  zones.  The  anticline  just 
described  between  Over  Phawhope  and  Potburn  can  be  followed 
at  intervals  south-west  to  Craigmichan  Scaurs  and  along  the 
Upper  Ettrick  towards  Shorthope  and  Berrybush. 

The  accompanying  section  (Eig.  18)  shows  the  relation  of  the  two 
anticlines  at  Entertrona  and  Potburn,  and  it  further  illustrates  the 
dominant  isoclinal  folding  over  the  region  south  to  Ettrick  Pen. 
The  representatives  of  the  Moflat  series,  occurring  on  some  of 
these  inverted  folds  south  of  Entertrona,  will  be  described  in 
the  following  chapter. 

Range  Cleuch. — As  the  anticline  is  traced  down  the  Ettrick, 
various  exposures  of  the  black  shale  series  are  found.  At  the 
foot  of  the  Uange  Cleuch,  the  Hartfell-Glenkiln  black  shales 
appear  in  the  centre  of  the  arch,  pierced  by  a  felsite  dyke, 
yielding  Dicrmwyrapttis  and  Vicelloffraptvs,  Towards  the  north 
they  are  succeeded  by  a  mass  of  gi*ey  mudstones  (Barren 
Mudstones),  followed  by  black  shales  representing  the  Lower 
Birkhill  zones.  These  are  overlain  by  light  greenish  shales, 
black  shales,  clays,  and  flags,  representing  the  Upper  Birkhill 
beds. 

Again,  in  the  river,  opposite  Broadgairhill  and  above  Nether 
Phawho])e,  the  Moffat  Shales  are  visible. 

At  Shorthope  only  the  Birkhill  beds  are  represented,  being 
repeated  by  several  folds.  The  lowest  beds  consist  of  the  black 
flaggy  shales  at  the  base  of  the  group,  yielding  Diplograptus 
aciiminatus,  JJiplot/rapias  vesicidoi>uSj  and  Clitn<icoyrapta8  normnlis. 
These  are  succeeded  by  blue  shales,  white  clays,  and  dark  seams 
with  black  shales  representing  the  upper  division,  from  which  the 
following  foi-ms  have  been  obtained : 

Monoifraptu^  Sedgwickii^OTtl.)  \    Petahcfraptu^ folmm  (His.) 

attemuttiis  (^opk.)  Bastritea  hybridiu  {lApw.) 

^enww  (Portl.)  PeltocaHs  aptychoides(^&alt,) 
, ,            lobiferus  (M  *Uoy . ) 

From  the  bend  of  the  IHtrick  at  Shorthope,  the  band  can  be 
traced  north-eastwards  to  the  Cossarshill  Bum. 

Scabcleuc h. — Much  on  the  same  line  of  strike,  an  anticline 
in  the  black  shales  can  be   traced  from  Scabcleuch   Bum  to 
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Berrybush.  In  the  former  stream — a  tributary  of  the  Ettrick — 
a  small  gorge  known  as  the  Slunk  has  been  carved  out  of  the 
black  shale  series  along  the  strike  of  the  beds.  The  lowest  bands 
belong  to  the  Pleurograptxis  zone  of  the  Lower  Hartfell  black 
shales,  followed  by  the  Barren  Mudstones,  which  in  turn  are 
succeeded  by  the  zones  of  the  Birkhill  black  shales  containing 
Diplograptus  a/mminahis  and  B.  vesicviosus,  .  These  are  followed  by 
grey  and  yellow  clays,  shales,  and  mudstones  yielding  Monograpivs 
tjregaritis,  and  towards  the  top  Basirites  peregrinus, 

Berrybush  Bur n. — To  the  north-east  in  Be^iTybush  Bum 
the  prolongation  of  this  band  is  met  with,  the  section  being  of 
special  interest  from  the  fine  exposure  of  Glenkiln  beds  abun- 
dantly charged  with  their  characteristic  gi'aptolites. 

In  the  bed  of  the  stream,  about  half  a  mile  above  Berrybush 
Cottage,  the  Glenkiln  shales  dip  towards  the  south-east. 
Here  there  is  a  good  development  of  the  cherts  and  mud- 
stones, representing  the  radiolarian  zone  underlying  the  black 
shales  of  this  group.  The  horizon  of  the  black  shales  associated 
with  them  is  placed  beyond  doubt  from  the  following  suite  of 
fossils  collected  at  that  locality: 

Gomograptus  gracUu  (Uall. )  Dicranograptus  formosua  (Hopk. ) 

ClcUhrograptuscuneifarmis{lApw.)  Clirnacograpi/us  bicornis  (ELaXL.) 

Lasiograptus  bimiiero7\€Uus  (Nich.)  DiceUograptus  moffaterma  (Carr.) 
„           sp.  „  pahdosusJJjApvr,) 

DidymograptiUi  siiperstes  (Lapw.)  '   L^tograptus  flaccidus  (Hall.) 

Cnff>tograptus  tricornis  (Carr.)  Acromele  grarmlatu  (Linnr.) 
Dij^ograptus  WhUfiddi  (Hall.) 

Ascending  the  burn  for  about  half  a  mile,  no  rock  being 
visible  on  the  way,  the  observer  finds,  high  up  on  the  slope  of 
Fall  Law,  an  exposure  of  the  Hartfell  group.  The  various  zones 
of  the  Hartfell  black  shales,  ranging  from  the  Climacograptus 
WUsoni  zone  to  that  of  Pletirograptvs  linearis,  are  represented, 
yielding  imperfectly  presei-ved  fossils.  Tliese  are  overlain  by 
the  Barren  MudsJtoiies  dipping  towards  the  north-west,  the 
highest  beds  visible  in  the  section. 

Much  in  tlie  same  line  of  strike  there  is  a  local  exposure  of 
the  Moffat  Shales  near  the  top  of  the  Eldinhope  Burn. 

Yarrow  Feus. — Again,  on  the  left  bank  of  the  Yarrow, 
near  Sunnybank,  a  small  isoclinal  fold  of  the  Upper  Birkhill 
Shales  dips  to  the  north-west.  It  is  much  on  the  same  line  of 
strike  as  that  of  the  Beriybush  band.  The  areh  is  well  defined, 
bounded  on  either  side  by  the  Abbotsford  flags  and  shales. 

vii.  Slwrtltoj^  and  Muiicliope,  Upper  Uttrick. 

To  the  south  of  the  persistent  bands  of  black  shales 
extending  from  Bellcraig  by  Craigmichan  Scaurs  to  Berrybush, 
several  local  isoclines  in  the  basin  of  the  Upper  Ettrick  reveal 
thin  seams  of  black  shales  associated  with  black  grits  and  shales, 
which  yield  at  certain  localities  specimens  of  Bastrites  majximus. 
Generally    tliese    bands    are    sparingly    fossiliferous,    and    their 
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horizon  is  not  quite  certain ;  but  though  they  are  provisionally 
regarded  as  representing  higher  zones  of  the  Birkhill  division,  they 
may,  in  some  cases,  belong  to  the  Tarannon  series. 

In  the  sections  already  described  in  this  chapter  there  are 
indications  of  a  gradual  variation  from  the  normal  type  of  the 
Birkhill  group  in  Dobb's  Linn.  The  grey  shales  with  black 
seams  and  white  clays  forming  the  Rastrites  maximus  zone  in 
the  latter  section  are  there  separated  only  by  a  few  feet  of  strata 
from  the  underlying  graptolite-bearing  beds.  About  a  mile  and 
a  half  to  the  south-east,  in  Trow  Grain,  barren  flags  and  shales 
intervene  between  the  Rastrites  maximus  bands  and  the  black 
shales  of  the  Upper  Birkhill  group.  About  three-quarters  of  a 
mile  to  the  south-east,  in  the  Black  Grain — a  tributary  of  the 
Back  Bum — ^this  modification  is  more  pronounced.  The  thin 
dark  seams,  however,  containing  Rastrites  maasirrius  (Carr.), 
though  reduced  to  a  fraction  of  an  inch  in  thickness,  are  wonder- 
fully persistent,  and  together  with  the  white  clays  form  a 
valuable  horizon. 

River  Etti*ick  below  Shorthope.  —  Eastwards 
from  8horthope  the  river  Ettrick  flows  over  folded  Tarannon 
greywackes  and  shales  for  about  two  hundred  yards,  followed 
by  black  shale  bands  which  are  likewise  repeated  by  flexures. 
To  these  succeed  black  and  grey  grits  with  thin  black  shale 
partings,  also  forming  sharp  undulations. 

Shorthope  Bur n. — In  this  stream,  which  is  formed  by  the 
junction  of  two  small  bums  (the  East  Grain  and  Master  Grain) 
the  Rastrites  maximus  bands  are  found  about  50  yards  from  its 
junction  with  the  Ettrick.  They  reappear  about  300  yards  up 
the  stream  associated  with  black  and  grey  grits  and  grey  grey- 
wackes with  black  shale  seams.  In  the  east  branch,  the 
Rastrites  m>aximus  bands  occur  on  successive  anticlines;  the 
most  southerly  one  exposing  also  the  underlying  black  grits  and 
shales.  In  tne  west  branch  (the  Master  Grain)  various  folds  of 
thin  black  seams  with  Rastrites  maanimus  are  associated  with  black 
and  grey  grits,  black  sandy  shales,  and  grey  and  green  mudstones. 
In  both  these  sections  the  strata  are  isoclinally  folded,  the  beds 
dipping  to  the  north-west  at  angles  varying  from  40°  to  65"*. 

Fhawhope  Burn. — In  wis  stream  six  sharp  anticlines  of 
thin  black  shale  seams  are  accompanied  by  strata  similar  to  those 
referred  to  in  the  previous  sections.  Here  they  yield  one  or  two 
Birkhill  graptolites  (Fig.  17). 

Glendearg  Burn. — ^In  the  deep  trench  carved  by  this 
stream,  to  the  south-west  of  Phawhope  Hill,  there  is  striking 
evidence  of  the  repetition  of  these  black  shaJe  seams  by  rapid 
isoclinal  folds,  for  there  are  upwards  of  twelve  inverted  arches 
exposing  bands  of  this  type.  The  only  seams,  the  horizons  of 
which  have  been  proved  by  fossils,  belong  to  the  Rastrites 
m^aximus  zone,  but  most  of  tne  folds  display  the  associated  black 
and  grey  grits  (Figs.  17  and  18). 

Coomb  Burn. — ^In  the  lower  part  of  this  stream,  alterna- 
tions of  black  grits  and  shales  are  visible  on  the  anticlines  of 
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this  series.     The  npper  part  of  the  stream  is  filled  with  boulder- 
clay  and  moraine-drift. 

En tertron a.— Attention  has  already  been  directed  (page 
116)  to  the  occurrence  of  black  grits  and  shales  in  the  main 
fold  in  this  stream.  A  few  hundred  yards  further  up  the  burn 
an  inverted  fold  occurs  with  thin  band's  of  dark  shales  and  white 
•teams  on  each  side  of  the  arch,  belonging  to  the  RastriUt 
maximus  zone.  In  the  heart  of  this  isocline  we  find  alternations 
of  grey  and  black  grits  with  grey  and  black  shale  partings. 

via.  Ettrickliridge-end  Section. 

The  section  exposed  in  the  river  Ettrick  at  Ettrickbridge-end 
is  of  great  interest  and  impoi-tance,  as  it  shows  the  extreme 


Flo.  19.— Flan  of  StxaU  in  the  Biver  Ettrick,  above 
Ettrickbridge-e  ad . 
C.  Radiolarian  chert.  21-  Qlenkiln  Shale.  311-  Lower 
Hnrtfell  Shales.  SOs..  p.  Uneant-zanA.  311'  Barren 
Mudstones.  311°.  D.aTicfpt-zone.  4111.  Lower  Birk- 
hill  Shales.  ilU"-  B  maxiniiM-zone.  4.  Torannon 
series,    f.  Fault.    T.  Thrust-plAne. 
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variations  from  the  normal  type  of  the  Moffat  series  in  Dobb's 
Linn,  when  traced  towards  the  south-east.  The  evidence  already 
adduced  in  this  chapter  shows  that  these  variations  are  gradual. 
Although  from  the  nature  of  the  sharp  isoclinal  folds,  the  i-epre- 
sentatives  of  the  Glenkiln  Shales  are  never  brought  to  the 
surface  to  the  south-east  of  the  band  at  EnteHrona  and  the 
Upper  Ettrick,  in  the  Ettrickbridge-end  section  the  Glen- 
kiln black  shales  and  radiolarian  cherts  are  visible,  so  that 
we  have  here  representatives  of  the  three  great  divisions  of  the 
Moffat  series. 

The  physical  relations  of  the  strata  are,  however,  extremely 
complicated  owing  to  the  occurrence  of  isoclinal  folds  and 
reversed  faults.  Indeed  at  one  locality  the  south  limb  of  the 
fold  has  been  removed  by  a  reversed  fault,  so  that  at  first  it  would 
appear  as  if  we  had  an  ascending  sequence  from  the  brown  flags 
and  shales  on  the  south  into  the  Glenkiln  beds. 

From  the  ground-plan  (Fig.  19)  and  horizontal  sections  (Figs.  20, 
21,  22,  23)  the  variations  in  the  sequence  of  deposits  may  be  readily 
grasped.  The  gi'eater  portion  of  the  grey  shale  group  of  the  Upper 
Birkhill  division  has  disappeared,  and  has  been  replaced  by  grey- 
wackes,  flags,  and  shales  forming  the  Abbotsford  flag  series.  A 
band  of  blue-black  shale  occurs  at  the  foot  of  the  cliff  below  the 
manse  of  Ettrickbridge-end  which  yields  the  fossils  of  the  Rastrites 
maximus  zone ;  but  the  relations  of  this  band  to  the  Lower 
Birkhill  beds  are  not  clearly  displayed  at  this  point.  Its  horizon 
must  be  from  10  to  20  feet  higher  than  a  black  shale  yielding 
the  Lower  Birkhill  forms.  It  is  also  cut  off  from  the  Abbotsford 
flags  by  a  fault  with  a  downthrow  to  the  north-west.  But  from 
other  evidence  it  is  probable  that  this  band  is  interleaved  in  the 
Abbotsford  flags.  In  the  Lower  Birkhill  group  a  portion  of  tiie 
Manoyraptiis  lobifertis  band  is  separated  from  the  Mmuxjrajjias 
gregarius  zone  by  the  intercalation  of  several  feet  of  black  grit 
and  dark  fosailiferous  shale.  The  beds  ranging  from  the  Mono- 
graptus  gregarius  zone  to  the  Diplograptus  acuminatus  zone 
api^ear  less  thick  than  in  the  typical  Moffat  sections,  though 
i*eliable  measurements  are  not  easily  obtained  owing  to  the 
reduplication  of  the  bands  by  folding.  A  portion  of  the  Dicello- 
ijraptus  anceps  zone  is  separated  from  the  Birkhill  Shales  only 
by  a  very  thin  layer  of  sediment. 

The  greatest  variation,  however,  is  visible  in  the  upper  portion 
of  the  Hartfell  group.  About  180  feet  of  grits  are  intercalated 
with  the  Barren  Mudstones.  Thin  bands  of  gi*een  shale  with 
thin  fossiliferous  black  shales  are  occasionally  interleaved  in 
the  grits.  In  one  (*f  the  thicker  zones  of  shale,  bands  and 
nodules  of  limestone  occur  which  may  probably  represent  the 
Wrae  Limestone  of  Peeblesshire.  Some  of  the  cliai'acteristic 
fossiliferous  zones  of  the  Lower  Hartfell  black  shale  have  been 
recognised  in  these  exposures. 

The  section  extends  for  about  three-quaiiers  of  a  mile  from 
the  foot  of  the  BaUlie  Bum,  joining  the  Ettrick  from  the  south, 
along  the  course  of  the  river  to  the  bend  in  that  stream  named 
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Gait  Citiok.  If,  for  tlie  moment,  we  eliminate  the  reversed  and 
normal  faults,  the  strata  are  arranged  in  an  isoclinal  fold  trend- 
ing north-east  and  south-west,  the  axia  iif  which  in  inclined  to 
the  north-west,  the  strata  dipping  at  angles  varyint^  ii-om  25°-7U°. 
Lower  Section  from  the  Baillie  Burn  to  the  Cliff 
below  the  Manse  in  the  River  Ettrick. — Descending  the 
Baillie  Bum  (Fig.  20),  the  brown  cmated  flags  and  shales 
(Ahbotrtford  flags)  ai-e  exposed  on  the  ea.st  hank  and  in  the  bed 
of  the  stream  dipping  to  the  X.N.W.  About  150  yards  above 
the  foot  of  the  bum  the  angle  of  inclination  is  50°,  but  as 
we  descend  it  decreases  to  15°.  A  few  yards  above  the 
junction  the  jointed  grey  greywackes  are  succeeded  by  black 
cherts  much  jointed  and  exposed  in  the  bed  of  the  stream.  The 
latter  are  not  seen  in  contact  with  the  greywackes,  there  being 


y  -^f^>. 


'^fi^'-^^j/^r^A 


Fig.  20.— Section  in  Rjver  Ettrick  from  Manse  ClilT  to  foot  of  B&i]li»  Bum 

(No.  1  in  F^.  19). 

2,  Glenkilu  cheit.     (For/urther  explaiuUiim,  »e  Fiij.  JH.) 

a  blank  of  a  few  feet  in  the  section.  Here,  as  we  shall  point 
out  in  the  sequel,  a  reversed  fault  must  intervene.  Following 
the  bum  downwards  the  black  cherts  charged  with  radiolaria 
are  well  seen  on  the  ea~st  bank,  dipjiing  down  stream.  About 
seven  yards  from  the  junction  a  band  of  black  shales  occurs, 
containing  the  following  characteristic  Glenkiln  forms: 
Dicraiuxjraptu*  minimus  (Lapw.),  Qufitofjrapttut  gracilis  (Hall), 
Gri/ptoijraptus  tricomis  (Carr.),  and  Dijdoyrapttis. 

At  the  junction  in  the  bed  of  the  Ettrick,  visible  when  the 
stream  is  low,  the  lowest  zone  of  the  Hartfell  black  shale  is 
tbund,  yielding  specimens  of  Vlimaco'jraptui.  Wikwti  and 
Diploifraptiis  foliitceits.  These  bands  are  succeeded  by  a  few 
feet  of  pale  shales,  followed  bv  the  main  mass  of  the  Hartfell 
black  shales.  At  the  foot  of  tlie  Baillie  Bum  the  chert<j  which 
extend  down  the  Ettrick  are  tmncated  W  a  normal  fault 
trending  north-east,  bringing  in  the  Lowar  Hartfell  black  shale. 

Westwards  up  the  Ettrick,  the  Hartfell  black  shales  are  succeeded 
by  150  feet  of  shales,  the  lower  portion  resembling  mudstones, 
and  iveathering   with   a   cream  coloui-,  while  the    upper  part   ia 
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more  micaceous  and  of  a  green  tint.  In  the  tower  bands 
there  are  two  thin  seams  of  black  shale  yielding  large  Biph- 
grapti .-  in  the  upper  portion  are  two  thin  layers  of  black 
shale,  with  Dicelhgraptus  anceps  (Nich.)j^  These  mudstones, 
dip  to  the  N.N.W.  at  angles  vaiying  'from  4.0°  to  50°.  Here 
they  are  followed  by  a  mass  of  grey  and  black  grits  about  180 
feet  thick,  pebbly  in  places  and  containing  galls  of  black  shale 
with  intercalations  of  grey  and  black  shales.  At  this  point  they 
are  exposed  on  a  cliff  where  a  small  reversed  fault  is  seen ;  they 
can  be  examined  to  better  advantage  further  up  the  river. 

This  arenaceous  series  is  overlain  by  black  shales,  soft  and 
friable,  associated  with  dark  blue  shales  yielding  the  following 
fossils :  Monograptua  gregarius  (Lapw.),  M.  tenuis  (Portl.),  M. 
attenvatus  (Hopk.),  Diphgraptus  confertus  (Nich.),  Clvma- 
eograpius  normaUs  (Lapw.),  and  Dawsonia  camjxinviata  (Nich,).  The 
flaggy  black  shales  of  the  D.  vesiculosiis  zone  are  not  here  repre- 
sented. They  occur  further  up  the  stream,  and  hence  it  is 
evident  that  a  portion  of  the  Lower  Birkhill  Shales  has  been 
thrown  out  by  a  fault  (Pig.  20). 

These  black  shales  are  overlain  by  a  few  feet  of  shales 
and  greywackes,  followed  by  blue  shales  with  dark  seams.  In 
one  of  theBe  thin  seams  the  following  assemblage  of  fossils  was 
obtained  under  tiie  Manse  ClifE.  From  this  list  it  is  apparent 
that  the  band  belongs  to  the  horizon  of  Baslrites  m<iidmite,  the 
specimens  being  remarkably  well  preserved  : 

Manwfmptm  Hitiiujeri  (Carr.) 
„  lobiferiis  (M'Coy.) 

„  pruidon  (Bron.) 

„  attenuatua  (H.opk.) 

Petalnipxiptiu  fitlium  (Hie.) 
Diployraptus  Jivghevi  (Nich.) 

A  small  fault,  amounting  to  a  few  feet  in  its  displacement,  brings 
down  the  overlying  flaggy  greywackes  and  shales  (Abbotsford 
flags),  and  probably  conceals  part  of  the  Rastrites  r, 


RadHtai  moxiiinu  (Carr.) 
capaiarit  (Carr.) 
Mvnoffraptiu  tenvU  (Portl.) 
„  nimlit  (G«initz.) 

„  SedgwUki,    var.     spini- 

jertM  (Nich.) 


Fio,  21. — Section  in  Kver  Ettrick  at  bend  above  Manse,  Ettrickbridge-end. 

(No.  2  in  Fig.  19). 
(Fm- further  explanation,  aee  Fiy.  ID.) 

la  ascending  the  river  from  the  cliff  below  the  Manse,  where  it 
takes  a  bend  towards  the  south,  we  pass  in  descending  order  (1) 
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the  Lower  Birkhill  black  shales,  (2)  the  grits  with  thin  bands 
of  dark  shales  yielding  graptolites,  (3)  ihe  green  and  grey  shales 
representing  the  Barren  Mudstones.  Here  the  strata  are  thrown 
into  a  sharp  anticlinal  fold  well  seen  on  both  banks  of  the  stream. 
In  the  centre  of  this  arch  on  the  north  side  of  the  river  a  small 
exposure  of  black  shales  has  yielded  Dicellograpti  belonging  to  the 
Hartfell  group. 

On  the  south  bank,  at  this  locality,  the  Lower  Birkhill  black 
shales  (4"')  are  seen  forming  an  inverted  anticline  and  apparently 
dipping  below  the  Hartfell  black  shales  (3°),  as  shown  in  the 
accompanying  section  (Fig.  21). 

The  horizon  of  these  black  shales  on  the  south  bank  is  clearly 
proved  by  the  following  list  of  fossils  obtained  from  them  : 


Diplograptus  acumimxtus  (Nich.) 

,,  ,,     showing  radicles. 

ClinMcograptus  innotatus  (Nich.) 
,,  nonnalis  (Lapw.) 

ManograpUis  gregarius  (Lapw.) 


Moyioqraptus  tenuis  (Portl.) 
,,  cyphus  (Lapw.) 

RetioUtts,  sp. 
Daxvuonia  campanulata  (Nich.) 


It  is  evident,  therefore,  that  the  Lower  Hartfell  black  shales 
at  this  point  have  been  made  to  overlie  the  Birkhill  black  shales 
by  means  of  a  reversed  fault,  probably  the  continuation  of  the 
dislocation  which  in  the  Baillie  Bum  truncates  the  inverted 
anticline. 

As  we  advance  up  the  river,  we  pass  from  the  exposures  of  the 
Lower  Birkhill  beds  to  the  greywackes  and  shales  of  the 
Tarannon  series  dipping  towards  the  N.N.W.  at  an  angle  of 
25®.  On  the  cliff  bounding  the  stream  on  the  north  side  the 
flags  and  greywackes  plunge  underneath  the  Birkhill  beds,  so 
that  here  there  may  be  the  southern  limb  of  an  isoclinal  fold. 

On  referring  to  the  ground-plan  (Fig.  19)  it  will  be  seen  that  about 
300  yards  up  stream  from  the  Manse  Cliff  a  normal  fault  crosses  the 
river  with  a  downthrow  to  the  west,  by  means  of  which  the 
outcrop  of  the  Birkhill  beds  has  been  shifted  from  the  north  to 
flie  south  bank.  At  this  point  grey  and  blue  shales  are  inclined 
to  the  north-west  at  SO'*,  yielding  Rastrites  capilkms  (Carr.), 
Monograptns  tenuis  (Portl.),  &c.  Underneath  lies  an  inverted 
arch  of  the  lower  zones  of  the  Birkhill  Shales,  which  extends 
up  the  south  bank.  The  river  cuts  obliquely  across  this  isocline, 
which  continues  up  the  stream  for  a  distance  of  about  200  yards. 
The  fold  widens  so  as  to  expose  the  band  yielding  Dicellograptus 
anceps  (Nich.)  and  Diptograptus  truncatvs  (Lapw.)  But  soon 
the  arch  is  truncated  by  a  normal  fault,  which,  crossing  the  river, 
brings  the  Hartfell  black  shales  into  contact  with  the  Lower 
Birkhill  beds. 

For  250  yards  up  the  stream  the  Lower  Hartfell  black  shales  are 
"  stepped"  downwards  to  the  west  by  six  small  normal  faults  (Fig.  19). 
Further,  these  beds  have  been  driven  over  each  other  by  reversed 
faults  well  seen  on  the  right  bank  at  the  bend  of  the  stream 
nearly  opposite   Kirkhope   Farmhouse.      The  Barren  Mudstones 
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are  seen  in  the  bed  of  the  river,  occupying  their  normal  position 
above  the  Lower  Hartfell  black  ehales. 

But  on  the  cliff  that  forma  the  north  bank  of  the  river  along 
thie  part  of  its  course,  the  Llandoverj'  greywackes  and  shales 
succeed,  dipping  towards  the  K.N.W.  at  angles  varj-ing  from 
20°  to  30'.  Their  horizon  ie  clearly  defined  by  the  occar- 
rence  of  thin  dark  seams  near  the  foot  of  the  cliff  yielding 
liiistnlei  maasimus  (Carr.)  and  Monograj'tus  Setlffii-icki.  This 
zone  is  there  interleaved  in  the  grey  shales  and  greywacke  ribs 
(Abbotsford  flags),  the  cleavage  of  the  shales  between  the  grey- 
wackes  beine  at  a  higher  angle  than  the  dip  of  the  beds.  It  is 
clear,  therefore,  that  a  fault  must  here  intervene  between  the 
Barren  Mudstones  and  the  Rastritee  maxtmus  zone  (Fig.  22). 


^     y 


a  lUver  Ettrick,  aouthwanls  from  Kirkhope  Fami 
(No.  3  in  Fig.  19). 
-^  Recent  alluvium.     (For  further  ejcpliuiatiun,  see  Fiij,  19). 

At  the  bend  in  the  river  above  Kirkhope  Farmhouse,  the 
Glenkiln  cherts  are  exposed  in  the  bed  of  the  stream,  in  the 
strike  of  the  fold  referred  to,  showing  the  Lower  Hartfell  black 
shalp?".  On  the  north  side  of  the  cherts,  and  on  the  left  bank, 
hardened  black  aliales  succeed,  yielding  Diplograptus  foUaceut 
(Murch.),  DicellogTapius  Morrisi  (Hopk.),  Climacograptus,  &c., 
and  thus  indicating  a  Lower  Hartfell  horizon. 

Upper  Section  from  the  Bend  above  Kirkhope 
Farmhouse  to  Gait  Crook. — From  the  bend  above  Kirk- 
hope Farmhouse  to  Gait  Crook,  an  iiitere.sting  sequence  is  met 
with.  There  the  course  of  the  river  is  nearly  north  and  south, 
and  a  transverse  section  of  the  strata  is  displayed.  Their  strati- 
graphical  relations  are  disturbed  by  several  normal  faults 
exposed  in  the  bed  of  the  stream,  IJut  the  general  order  of 
succession  can  be  pretty  clearly  established  (Fig.  23). 

Beginning  witJi  the  anticline  of  the  Lower  Hartfell  black 
shales  seen  at  the  band  near  Kirkhope  Farmhouse,  we  find  their 
position  to  be  clearly  proved  by  the  following  list  of  fossils : 

Plairoffraptva  thieai-i»  (Ciar.)  1    DicMoffrapttMForcli}iammeri(Gemitz.) 

Leptogmptuaflaccidv*(HaM..)  „              moffatetm*  {Can.) 

,,            r/ipilUtrii  (Carr.)  Otiraacograptvt,  np. 

Cryiytoyraptm  tricoi-nis  (Carr.)  Siphonnlreta  inwiln  (M'Coy.) 
Diplognxptua  fuliaceu$  (Murch.) 
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Southwards  along  the  east  bank  there  is  a  clear  exposure  of  grey 
and  purple  shales  representing  the  Barren  Mudstones,  with 
occasional  bands  of  grey  greywacke  and  grit.  These  beds  are 
inverted  and  dip  to  the  N.N.W.  Next  in  order  come  dark  grits 
and  shales,  with  black  shale  bands,  probably  on  the  same  horizon 
as  the  grits  already  described  in  the  Hartfell  group  below  the 
Manse. 


N 
Kirkliope 


-• • ••. •« 


Gait  Crook 


4B« 


J' 


Fiu.  23.  -Section  in  River  Ettrick  from  bend  above  Kirkhope,  through  the 

Gait  Crook  (No.  4  in  Fig.  19>. 

(F&r  further  exj^lanntiony  aee  Fig.  19.) 

Further  southwards  grey  shales  appear  together  with  a  black  shale 
band  yielding  Diplograptus  truneatus  (Lapw.) 

Further  south  this  horizon  is  followed  by  grey  shales  with 
nodules  and  ribs  of  limestone,  till  another  exposure  of  Lower 
Hartfell  shales  is  met  ^vith,  yielding  Pleurograptus  Iviiearis  (Can*.), 
Leptograpins  cajriUaris  ^^arr.).  Diploftraptus  foUa/:eiis  (Murch.), 
Cryptograpius  tricomis  (Carr.),  Bstiolites  (Nenrof/raptus)  fibraius, 
&c.  By  means  of  a  fault  this  band  is  brought  into  conjunction 
with  the  zone  of  DiceUograptus  anceps  (Nich.)  on  the  south  side  of 
the  outcrop.  The  latter  horizon  has  also  yielded  Diplograptus 
tmiicattis  (Lapw.) 

Owing  to  faulting,  the  Lower  Birkhill  black  shales  are  not 
satisfactorily  exposed  on  the  east  bank,  but  on  the  opposite  side 
of  the  stream  they  are  seen  to  advantage  on  a  cliff  rising  from 
the  river  channel.  Fi*om  the  latter  locality  the  following  forms 
have  been  obtained : 


Monotfrapins  gregarin^t  (Lapw.) 
,,  ienni*  (Portl.) 

,,  Hisingeri  (Carr.) 

Climacftgrnptus  normnlis  (Lapw.) 


Diplograptus  vesumUmi^  (Nich.) 
acuminaitis  (Nich.) 
confertus  (Nich.) 


»♦ 


Towards  the  south  they  are  succeeded  on  the  west  bank  by 
grey  greywacke  bands  with  grey  silky  shale  partings,  which  dip 
towards  the  north  at  high  angles. 

Returning  to  the  east  bank  of  the  stream  and  crossing  the 
bands  of  black  shales  that  represent  the  Lower  Birkhill  zones,  we 
find  on  the  south  side  black  grits  and  barren  shales  which  are 
abruptly  truncated  by  a  fault.  Next  in  order  a  few  feet  of 
black  grit  are  followed  by  grey  shales  with  dark  streaks  and  about 
six  feet  of  dark  shale,  the  lower  portion  of  which  yields  fossils 
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belonging  to  the  upper  part  of  the  Mmwgraptus  gregarvus  zone.  To 
these  beds  succeed  the  Abbotsford  flags,  occupying  the  stream 
section  to  Gait  Crook. 

On  the  south  side  of  the  loop  at  Gait  Crook  the  foregoing  flags 
and  shales  form  an  inverted  arch.  From  this  point  to  the  bank 
on  the  south  side  of  the  bend  of  the  river  there  is  a  blank  in  the 
section.  But  at  the  latter  locality,  near  a  cottage,  black  shales, 
much  corrugated  and  shattered,  have  yielded  the  following  charac- 
teristic Hartfell  forms  (Figs.  19,  23)  :* 


DiceUograptus  Morrm  (Hopk.) 
„  Hke  anceps  (Nich.) 

,,  elegans  (Carr.) 

Lfptograptus  flaccidus  (Hall.) 


Gliinacograptus  hicomis  (Hall.) 
Diplograptus /(iliar^ns  (Murch.) 
,,  trunccUus  (JjApw^) 

Siphofwtreta  micnla  (M'Coy.) 


The  relations  of  this  outcrop  to  the  surrounding  strata  are 
completely  obscured ;  but  it  is  highly  probable  that  the  Hartfell 
black  shales  come  to  the  surface  along  another  anticline  to  the 
south  of  the  main  fold  at  Ettrickbridge-end.  If  this  be  so,  then 
in  the  alluvial  flat  at  Gait  Crook  it  is  probable  that  the  Abbotsford 
flags  may  be  thrown  into  a  synclinal  fold  underlain  by  the  Lower 
Birkhill  Shales  (Fig.  23). 

Returning  now  to  the  section  in  the  river  below  the  junction 
of  the  Baillie  Bum,  we  may  observe  that  the  Abbotsford  flags  and 
shales  occupy  the  stream  down  to  a  point  below  where  it  is  joined 
by  Jean's  Bum  from  the  west.  From  the  latter  locality,  for  a 
distance  of  300  yards,  no  rocks  are  visible ;  but  at  the  bend  below 
Woodend,  the  Barren  Mudstones,  with  a  band  of  black  shales 
and  the  black  grits,  are  found.  Near  the  foot  of  the  Brockhill 
Burn  the  bl^k  shales  of  the  Birkhill  division  are  associated  with 
black  grits.  The  section  is  much  disturbed  and  broken  by 
faults. 

If  we  review  the  eridence  now  adduced  regarding  the  physical 
relations  of  the  strata  in  the  Ettrickbridge-end  section,  it  is  clear 
that  originally  the  representatives  of  the  Moffat  series  must  have 
been  arranged  in  one  great  isoclinal  fold  inclined  to  the  north- 
west at  a  very  gentle  angle,  extending  from  the  foot  of  the 
Baillie  Bum  to  the  bend  above  Kirkhope  Farmhouse.  The 
isolated  outcrop  of  Hartfell  shales  south  of  Gait  Crook  probably 
indicates  a  minor  fold  to'^the  south  of  thejnain  anticline. 

At  the  foot  of  the  Baillie  Burn,  however,  the  southern  inverted 
limb  of  the  main  anticline  has  been  removed  hj  a  reversed 
fault,  and  hence  the  radiolarian  cherts  in  the  Glenkiln  group 
appear  to  overlie  the  Abbotsford  flags.  The  horizon  of  the 
latter  is  clearly  defined  in  other  parts  of  the  section  by  the 
intercalation  of  the  Rastrites  maximus  bands. 

The  outcrop  of  this  reversed  fault  or  thrust-plane  seems  to 
cross  the  river  Ettrick  at  the  bend  above  the  Manse  Cliff,  where 
the  Lower  Hartfell  black  shales  appear  to  overlie  the  Lower 
Birkhill  Shales.  The  natural  oraer  of  the  strata  is  further 
disturbed  by  a  series  of  normal  faults  with  a  general  downthrow 
to  the  west. 
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Singlee  Burn. — On  the  north  side  of  tho  valley  of  the 
Ettrick,  and  about  a  mile  up  stream  from  the  aich  of  the  Moifat 
series  at  Ettrickbridge-end,  black  shales  again  appear  in  the 
Singlee  Bum,  which  yield  forms  characteristic  of  tite  Hartfell 
and  Birkhill  divisions. 
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CHAPTER  Vn. 

THE  CENTRAL  B^U^—cmUinued, 

BLACK  SHALE  BANDS  NORTH  OF  MOFFATDALE. 

Proceeding  now  to  the  region  lying  between  the  MofiEat  Watear 
and  the  northern  margin  of  the  Tarannon  area  beyond  the 
vale  of  Tweed,  we  shall  describe  the  successive  anticlines  of  the 
Moffat  Shales  within  these  limits,  and  indicate  the  lateral  variation 
of  the  sediments  as  we  approach  the  Abington  and  Leadhills 
districts. 

Pol  moody. — ^In  the  basin  of  the  Moffat  Water  there  are 
several  local  anticlines  of  the  Moffat  Shales.  A  glance  at  Sheet 
16  will  show  that  one  of  these  folds  has  been  traced  from  the 
Tail  Bum  issuing  £rom  Loch  Skene  to  a  small  stream  about  a 
nule  horth-eaat  of  Polmoody.  The  Birkhill  Shales  are  exposed 
in  this  outcrop,  and  in  the  Seary  Sike,  joining  the  Polmoody 
Bum  from  the  slopes  of^.the  Tumberry  Hills,  the  Barren 
Mudstones  form  the  crest  of  the  arch,  with  the  crashed  and 
contorted  Birkhill  zones  on  either  side. 

Oa^rrifran  Burn  (Lower  Section). — A  small  anticline 
occurs  near  the  foot  of  this  stream  revealing  only  the  Birkhill 
zones.  Owing  to  the  decomposition  of  the  strata,  the  stream 
follows  the  crest  of  the  fold  for  a  short  distance. 

Bodesbeck. — In  like  manner,  this  minor  fold  shows  only 
Birkhill  Shales  charged  with  Monograpttis  Sedgmchi  (Portl.\  Mono- 
graptus  lobifents  (M*Coy),  Glimdcograptus  n^yrmalw  (Lapw.),  Dipto- 
graftus  iamariscus  (Nich.). 

Roundstonefoot  and  Short woodend.  —  Here  two 
small  isoclinal  folds  of  the  Birkhill  shales  occur  in  the  midst  of  the 
Tarannon  grits ;  the  exposure  near  the  foot  of  Shortwoodend  Bum 
has  yielded  Monograptus  Hisingeri  (Carr.),  Monograptus  hbiferus 
(M*Coy),  M,  leptoiheca  (Lapw.),  M,  gregariua  (Lapw.),  Diplograptus 
tamariscus  (Nich.),  Glimacograptus  normalis  (Lapw.). 

Prenchland  Burn. — Two  separate  exposures  of  the 
Moffat  series  occur  in  this  stream  ;  the  intervening  area, 
about  a  quarter  of  a  mile  in  extent,  being  occupied  by  the 
Tarannon  greywackes  and  shales.  In  the  lower  section  the 
black  shales  are  overlapped  by  the  Permian  rocks,  and  may  be 
traced  up  stream  for  a  quarter  of  a  mile.  They  are  arranged  in 
sharp  isoclinal  folds  dipping  to  the  north-west.  The  strata  being 
much  corrugated,  fossils  are  not  easily  obtained  from  all  the  zones, 
but  those  which  can  be  found  clearly  belong  to  the  Birkhill  division, 
The  lowest  zone,  as  described  by  Professor  Lapworth,  yields  ZHplo- 
graptvs  vesiculostLS,  passing  upwards  into  the  higher  beds,  which  in 
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turn  pinnge  underneath  the  greywackes  and  shales  to  the  south. 
At  the  upper  limit  of  this  exposure  the  higher  bands  yield,  in  fine 
presentation,  Mmvogra/ptus  Seilgwicki,  M,  Becki,  M,  Hisingeri, 

In  the  upper  exposure  the  strata  are  similarly  arranged,  being 
isoclinally  folded  towards  the  north-west.  Here  the  zones  range 
from  the  base  of  the  Birkhill  division  to  the  members  of  the 
upper  group.  At  the  south-west  limit  the  strata  belonging  to 
the  Lower  Birkhill  division  are  truncated  by  a  fault  bringing  in 
the  overlying  greywackes  and  shales.  Further  up  the  stream 
higher  zones  succeed,  but  the  junction  of  the  latter  with  the 
greywackes  is  not  visible.  The  following  fossils  have  been 
obtained  from  these  beds : 


>> 


»» 


>» 


Climacograptus  normalis  (Lapw.) 
IXinorphograptiLs  eUmgatus  (Lapw.) 
DiploffrapiAM  vesicvloaus  (Nich.) 
,,  acvmndnatus  (Nich.) 

,,  tamari3cu8  (Kich.) 


MonograpUis  Sedgvncki  (Portl.) 

Iwtotheca  (Lapw.) 

hSnferua  (WCoy,) 

^egamuMLapw. ) 
Petaloffraptus  folium  (His. ) 
GUmaeograptus  scalaris  (His.) 

Q-arpol  Water. — The  relations  of  the  Moffat  Shales  to 
the  Tarannon  greywackes  are  clearly  displayed  in  this  stream, 
which  lies  to  the  west  of  the  river  Annan,  and  is  about  a  mile  and 
a  half  distant  from  the  town  of  Moffat.  Here  a  gorge  has  been 
carved  out  of  the  softer  shales  between  the  overlying  grits  and 
greywackes.  The  strata  are  arranged  in  a  compound  anticline 
traversed  in  the  centre  by  a  small  &ult,  as  shown  by  Professor 
Lapworth.  The  lowest  beds  exposed  in  the  centre  of  the  arch 
belong  to  the  Diplograptus  acurm'iiatus  zone  of  the  Lower  Birkhill 
Shales,  which  have  yielded  the  following  fossils  : 


Diplograptua  vesicvloaus  (Nich.) 
„  ctGuminatus  (Nich.) 

IHtnorphograptus  Swanntoni  (Lapw.) 
ClitnaeograpUis  normalis  (Lapw.) 


GUmaeograptus  iwnotatusj^ich,) 
MonograpUis  attewufxtus  (Hopk.) 

„  tervuis  (Portl.) 

Dawsonia  campantdata  (Nich.) 


Below  the  waterfall  near  the  bend  in  the  stream  higher  bands 
are  well  seen,  in  particidar  the  Monograptus  gregarius  zone, 
containing  nodules  of  limestone  as  in  the  Dobb's  Linn  section. 
Some  of  these  nodules  are  several  feet  in  diameter.  This 
exposure  occurs  on  the  north  limb  of  the  anticline  as  the  observer 
ascends  the  stream.  Though  the  bands  are  there  much  dis- 
turbed they  are  highly  fossiliferous,  and  have  yielded  the 
following  fossils,  some  of  which  are  preserved  in  the  solid : 


Monograptus  gregarius  (Lapw.) 

cyphus  (Lapw.) 

leptoitheca  (Lapw.) 

lotnferus  (M*Coy.) 

triangulatus  TB^k.) 

tenuis  (Portl.) 
DipHograptus  with  ovarian  capsules. 
„  tamariscus  (Nich.) 

Above  the  bend  in  the  stream  where  its  course  is  nearly  north 
and  south,  the  beds,  chiefly  of  the  Upper  Birkhill  division,  are 


»♦ 


»« 


»» 


>i 
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Diplograptus  physophora  (Nich.) 
PetcUograptus  folium  (His.) 
Glimacograptus  innotatus  (Nich.) 
Bastrites  peregrinus  (Barr.) 
Discinocaris  Brotvniana  (Woodw.) 
Theca(r) 
Crustacean. 
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exposed  in  transverse  section,  plunging  on  both  sides  under  the 
Tarannon  greywackes.  Here  the  grey  and  black  shales  of  the 
Monograpim  spinigervs  zone  are  met  with,  yielding  that  form  in 
profusion,  together  with  specimens  of  Monograpius  niricinatus 
(Lapw.),  if.  leptotheca  (Lapw.),  M,  Hisingeri  (Can*.),  Eastritea 
hybridvs  (Lapw.),  Petaiograptus  folium  (His.),  Diplograptus  iamariscuB 
(Nich.),  CUmacograptuSy  &c.  On  the  north  limb  of  the  fold  the 
purple  shales  of  the  Rasirites  maooimua  zone,  which  have  here 
failed  to  yield  their  characteristic  fossils,  dip  below  the  overlying 
greywackes.  The  same  zone  on  the  south  limb  of  the  fold  has 
yielded  a  few  characteristic  forms. 

Carrifran  Gans  and  Blackhope  Burn. — From  the 
slope  of  White  Coomb  a  band  can  be  traced  for  about  three  miles 
across  the  Carrifran  Bum  to  Blackhope  Bum,  along  a  line  about 
a  mile  and  a  half  to  the  north  of  the  course  of  the  Moffat  Water. 
In  the  Broomy  Gutter,  draining  the  north  slope  of  Carrifran 
Gans  and  flowing  into  the  Carrifran  Bum,  the  following  section 
occurs  not  far  above  the  junction  of  the  stream : 

In  the  centre  of  the  inverted  anticline  the  Hartfell  black 
shales  are  exposed,  to  which  succeed  the  Barren  Mudstones. 
To  the  south  these  are  overlain  by  the  Lower  Birkhill  black 
shales,  while  on  the  north  limb  the  Barren  Mudstones  are 
truncated  by  a  fault  bringing  in  the  greywackes  and  shales. 

At  the  jimction  of  the  two  streams  the  fold  widens  and  reveals 
the  underlying  Glenkiln  black  shales,  yielding  the  following 
characteristic  forms : 

Coenograpl/us  gracilis  (HM.)  Climacogi-aptus  bicornis  (RslW,) 

,,  pertenuis  CLauw.)  DiceUograptus  sextans  (^rM.) 

„  nitidAdus  (?)  (Lapw.)  Dicranograptu^  ramosus  (Hall.) 

Diplograptus  euglyphus  (Lapw.)  '    Oryptograptus  tricomis  (Carr.) 

,,  foliaceus  (Murch.)  Acrotreta  Nicholsoni  (Dav.) 

CUmacograptus  ccelatus^  var.  antiquus 

(Lapw.) 

Further  up  the  small  "score"  the  Barren  Mudstones  appear 
in  the  centre  of  the  fold  overlain  by  the  Birkhill  Shales,  the 
southern  limb  being  truncated  by  a  faidt. 

Again,  where  this  fold  occurs  in  a  "  score "  on  the  east  side 
of  the  Blackhope  Bum,  only  the  Birkhill  Shales  are  met  with, 
but  overlying  these  beds  are  green  and  grey  shales  which  may 
represent  part  of  the  Upper  Birkhill  strata. 

Birnock  Water. — The  probable  continuation  of  the 
foregoing  band  occurs  in  the  Birnock  Water  about  a  mile  and 
a  half  to  the  north-east  of  Moffat.  There  the  beds  are  much 
shattered,  and  it  is  difficult  to  procure  determinable  fossils.  The 
Birkhill  Shales,  Barren  Mudstones,  and  a  portion  of  the 
Haiifell  black  shales  are  met  with.  This  outcrop  is  of  interest 
as  being  the  site  of  one  of  the  mineral  wells  which  have  made 
the  town  of  Moffat  a  favourite  resort. 

Blackhope  Burn  (Foot  of  Whirly  Gill). — ^Immediately 
below  the  junction  of  these  two  streams  an  exposure  of  black  shales 
yields  Lower  Birkhill  fonns  in  the  heart  of  a  mass  of  grey  shales 
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like  those  associated  with  dark  bands  yielding  Bastritea  tnaaoimvs 
at  Dobb's  Linn.  Here  there  are  indications  of  the  disappearance 
of  the  npper  portion  of  the  Birkhill  group.  Indeed,  between  the 
foregoing  outcrop  and  that  at  the  head  of  the  Cold  Grain— one  of 
the  sources  of  Blackhope  Bum — there  are  several  folds  of  these 
grey  shales  in  the  midst  of  the  Tarannon  grits. 

Hartfell  Section. — ^Reference  has  already  been  made 
to  the  fact  that  Professor  Lapworth  has  proved  the  disappearance 
of  the  upper  portion  of  the  Birkhill  division  on  the  great  anti- 
cline of  Hartfell.  Indeed,  in  most  of  the  arches  of  the  Moffat 
Shales  on  the  strike  of  the  Hartfell  band,  this  modification  of 
the  Upper  Birkhill  division  is  more  or  less  apparent.  On 
referring  to  Sheet  16  of  the  one-inch  geological  map  of  Scotland, 
it  will  be  seen  that  black  shale  bands  in  the  line  of  the  Hartfell 
arch  can  be  followed  at  intervals  from  the  south-west  border  of 
the  map,  north-east  by  Buttonside,  Hartfell,  and  Loch  Skene,  to 
Boar  Cieuch  in  the  basin  of  the  Meggat  Water.  North  of  this 
line  the  Upper  Birkhill  beds,  as  developed  in  Dobb's  Linn,  are 
never  met  with  on  any  of  the  anticlines  of  black  shales.  It  is 
clear,  therefore,  that  the  Hartfell  arch  forms  an  important 
structural  line  in  relation  to  the  lateral  variation  of  the  litho- 
logical  and  palseontological  zones  of  the  Moffat  series. 

The  Hartiell  section,  extending  for  a  distance  of  three  miles 
from  the  edge  of  the  Permian  basin  to  the  summit  of  that 
mountain,  has  been  described  in  detail,  and  the  horizons  of  the 
various  palseontological  zones  have  been  indicated  by  Professor 
Lapworth.  The  strata  generally  are  arranged  in  the  form  of  a 
compound  anticline,  traversed  by  faidts  more  or  less  parallel  to 
the  strike  of  the  strata,  the  lowest  zones  being  exposed  in  the 
fine  section  in  the  Hartfell  **  Score." 

Not  far  from  the  margin  of  the  Permian  basin,  in  the  Frizzle 
Bum,  the  black  shales  and  mudstones  of  the  Monograpius 
gregariv^  zone  pass  conformably  upwards  into  the  massive  ^ts 
of  Tarannon  age  without  any  representative  of  the  Upper 
Birkhill  Shales.  The  same  strata  reappear  at  the  old  copper 
mine,  fui-ther  up  stream,  where  they  have  yielded  the  following 
forms : 


Mcnogrcvptua  gregarius  (Lapw.) 
tefims  (Portl.) 
leptotiheca  (Lapw.) 
triangvlatus  (Hark.) 
lobiferus  (M*Coy.) 


i» 


Diplograptus  tanumscus  (Nich. 
PetcUograptus  folium  (His.) 
Bastrites  peregrinus  (Barr.) 
Dawaania  <Mrnpanvlata  (Nich.) 


About  300  yards  above  the  old  mine  another  exposure  of  the 
M.  grega/rius  zone  occurs,  from  which  the  following  fossils  have  been 
obtained : 


M<mogToptus  gregarivs  (Lapw.) 
lobiferus  (M*Coy.) 
leptotheca  (Lapw. ) 
triangulatu8  (Hark.) 
Scmdersoni  (Lapw.) 
spiralis  (Gteinitz.) 


11 
«i 

11 
11 
i» 


Monograptua  commums  (Lapw.) 
Bastrites  peregrinus  (Barr.) 
Diplograptus  tamariscus  (Nich.) 
ClimacograpUis  rectanguilaris(NLVoy») 
Dawsonia  campa/Mdcda  (Nioh.) 
Liscinocaria  brotuniana  (Woodw.) 
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The  section  in  Hartfell  "  Score"  at  the  head  of  the  glen,  as  shown 
by  Professor  Lapworth  (Quart.  Jour.  Geol.  Soc.,  voL  xxxiv., 
p.  295),  displays  on  a  large  scale  the  various  sub-divisions  of 
the  Lower  Hartfell  black  shales.  From  thijs  locality  the 
Hartfell  division  of  the  Mo£fat  series  takes  its  name  (Fig.  24). 

The  axis  of  the  main  anticline  ruuB  parallel  to  the  stream 
draining  the  "  Score  "  above  the  Spa  Well,  the  crest  of  which 
coincides  with  a  fault,  probably  reversed,  that  truncates  the 
Birkhill  Shales  on  the  south  side  of  the  stream  and  brines  them 
in  contact  with  Glenkiln  and  Hartfell  strata  to  the  norw. 

Taking  first  the  south  limb  of  ihe  main,  arch,  which  lies  to 
the  south  of  the  fault  just  referred  to,  the  observer  finds  a  minor 
fold  revealing  the  Hartfell  black  shales  below  the  Spa  Well, 
the  lowest  beds  belonging  to  the  IHarmiograptuB  Glingcmi  zone. 
The  Barren  Mudstones  (3"'  in  section)  follow  in  regular  order 
to  the  north-west  and  south-east,  folding  round  the  underlying 
beds.  They  aie  likewise  traceable  for  a  short  distance  along  the 
slope  on  the  south  side  of  the  "  Score,"  where  they  are  associated 
with  a  band  of  highly  decomposed  volcanic  breccia. 

At  the  Spa  Well  the  Lower  Birkhill  Shales  (4™  in  section) 
appear  to  the  north  of  the  outcrop  of  Barren  Mudstones,  where 
they  have  yielded  the  following  forms : 

Monograptus  gregarius  (Lapw.)  DiplograpttLs  veaiculoaua  (Nich.) 

„           tenuis  (Portl.)  ,,           tamariscus  (Nich.) 

,,           cyphus  (Lapw.)  *             ,,           acuminatus  (Nich.) 

,,            atteTMJUxtus  (Hopk.)  Dimorphograptua  eUmgoMis  (Lapw.) 

The  foregoing  outcrop  of  Birkhill  Shales,  though  in  a  some- 
what shattered  condition,  can  be  traced  along  the  south  side  of 
the  gorge  to  the  head  of  the  "  Score."  Along  the  top  of  the  south 
clifi*  the  Tarannon  grits  and  shales  may  be  followed,  where 
for  some  distance  they  pass  down  conformably  into  the 
Monograptus  gregarius  bands  of  the  Lower  Birkhill  division. 

Turning  now  to  the  great  crag  on  the  north  side  of  Hartfell 
"  Score "  (Fig.  24),  the  observer  encounters  a  broad  development 
of  black  shcdes,  extending  high  up  the  mountain,  which  is  due 
to  the  sharp  reduplication  of  the  Lower  Hartfell  black  shales 
(3"  in  section)  and  the  underlying  mudstones,  cherts,  and  black 
shales  belonging  to  the  Glenkiln  group  (2*^  in  section).  Indeed, 
the  alternation  of  bands  of  qrange-coloured  mudsiion^s  and 
cherts  with  black  shales  forms  a  striking  featiu'e  of  the  lower 
portion  of  the  scar. 

Before  describing  the  relations  of  these  mudstones  and  cherts 
to  the  Hartfell  black  shales,  we  may  refer  to  certain  lavas 
and  volcanic  tufis,  which,  from  their  associated  fossils,  are 
probably  of  Llandeilo  age.  They  occur  in  the  stream  and  on 
the  adjoining  slope  to  the  north-east,  at  a  point  about  ?50  yards 
up  the  bum  from  the  Spa  Well.  On  the  south  side  the  volcanic 
rocks  are  truncated  by  the  main  fault  in  the  Hartfell  "  Score," 
which  brings  them  in  contact  with  the  Birkhill  Shales  on  the 
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south  limb  of  the  main  arch ;  while  oil  the  north  side  they  are 
cut  off  by  a  fault  which  places  them  in  conjunction  with  Hartf ell 
Shales.  It  will  thus  oe  seen  that  their  horizon  cannot  be 
satisfactorily  determined  from  their  stratigraphical  relations. 
The  volcanic  tuff,  which  is  visible  on  the  right  bank  of  the  bum 
below  the  forkings,  is  only  a  few  feet  broad,  and  on  the  north 
side  of  this  exposure,  where  it  is  faulted  against  the  Hartfell 
black  shales,  it  contains  a  thin  streak  of  fossiUferous  black  shale. 
On  the  slope  to  the  north-east,  and  only  a  few  yards  from  the 
bum,  there  is  a  small  boss  of  lava  and  volcanic  tufl',  which  is 
clearly  the  prolongation  of  the  band  in  the  stream.  A  specimen 
of  the  lava  (7161),  examined  by  Mr.  Teall,  has  been  termed 
diabase-porphyrite,  too  much  altered  for  precise  determination. 
Here  also,  on  the  north  side  of  the  exposure,  fossiUferous  black 
shale  appears,  which  is  interleaved  in  the  tuff.  From  the 
latter  outcrop,  as  well  as  from  the  seam  of  dark  shales  in  the 
ash  in  the  stream,  the  following;  forms  have  been  obtained,  which 
have  been  kindly  determined  by  Professor  Lapworth : 


Didymograptus  avperstea  (Lapw.) 
LeptograpiAis  magnua  (Lapw.  Q 
DiceUogrciptua patulo9U8  (Lapw.) 
Olimacograptus  bicomis  (Hall.) 


Climacograptus  ccdatus  var.  antiquus 

(Lapw.) 
Diplograptus  fdiaceus  (Murch. ) 
,,  euglyphus  (Lapw.) 

Lasiograptus  Harknesai  (Nich.) 


A  few  yards  to  the  north  of  the  exposures  of  volcanic  rocks 
and  associated  graptolite  shales,  the  orange-coloured  mud- 
stones  and  cherts  are  visible  at  the  forkings  of  the  bum,  where 
they  occur  along  two  isoclines  overlain  by  the  Hartfell  black 
shales.  Not  far  to  the  north-west  of  the  forkings,  on  the  north 
side  of  the  northmost  arch  of  these  mudstones,  their  junction 
with  the  overlying  black  shales  is  well  seen.  Here,  at  the  base 
of  the  Lower  Hartfell  division,  occurs  the  Climacograptus  WUsoni 
zone,  composed  of  gi^ey  flinty  mudstone  and  dark  shales,  where 
specimens  of  that  zonal  form  are  associated  with  BuiJiograptus 
loams,  Climacograptus  bicomis,  Qlossograptus  Hincksi,  &c.  This 
zone  is  underlain  by  two  feet  of  black  shales,  with  seams  of  volcanic 
ash  half  an  inch  thick ;  the  latter  resting  directly  on  the  orange- 
coloured  mudstones,  and  yielding  in  profusion  the  following 
assemblage  of  forms :  DicraTiograptus  zic^ac,  D,  ramosvs,  Coeno- 
graptusperienuis,  Climacograptus  Scharenbergi,  Corynoides  calycuUms, 
Of  these  species  the  first  three  occur  on  one  slab  from  a  seam 
about  six  inches  above  the  top  of  the  orange-coloured  mudstones. 
It  is  probable,  therefore,  that  this  thin  band  of  black  shale 
between  the  0.  Wilsoni  zone  and  the  top  of  the  mudstones  may 
represent  the  highest  sub-zone  of  the  Glenkiln  shales,  as  in  Dobb's 
Linn  and  Craigmichan  Scaurs. 

This  view  of  the  correlation  of  these  mudstones  and  overlying 
black  shales  is  strengthened  by  evidence  obtained  from  another 
exposure  on  the  same  crag  to  the  north  of  the  Spa  Well.  Owing 
to  the  scree  material  it  is  difficult  to  fix  the  spot  from  which  the 
fossils  in  the  following  list  were  collected ;  but  the  band  underlies 
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the  Climaeograptus  Wilsoni  zoae  with  Buthograptits  laxus,  and 
overlies  the  orange-coloured  mudstones  and  cherts  with 
radiolaria : 

Dicranograptiis  zic-zac  (Lapw.)  |    Climacograptm peltifer  (Lapw.) 

ramomu  (Hall.)  Diplograptus  fdiaceus  (Murch.^ 

NichoUoni  (Hopk.)  ,,  angustifdiiu  (Hall.) 

formo9us  (Hopk.)  Lasiograptus  himucronatus  (Kich.) 

ThamwxfraptAA*  scoticus  (Lapw.)  Oloaaograptus  Eincksi  (Hopk.) 

Cryptografius  tricamis  (Carr.)  Glathrograptus  cuneiformis  (lApw.) 

Proceeding  now  to  the  sub-zones  of  the  Hartfell  black  shales 
overlying  these  orange-coloured  mudstones,  the  observer  can 
trace  them  along  the  face  of  the  north  crag,  where  they  are 
much  contorted  and  thrown  into  parallel  folds.  The  bands  of 
the  Climacograptus  Wilsoni  zone  have  yielded  at  various  points 
along  their  line  of  outcrop  the  following  fossils : 

VUmacograptus  Wilwiii^LAiaw.)  ;  Glosaograptus  Hincksi  {E,o^.) 

,,  hicomu  (HaU.)  !  Dicranograptus  ramosus  (Hall.) 

,,  Scharenhergi  (LApw.)  I  ,,  NichoUoni  (Hopk.) 

Diplograptus  foliaceus  (Murch.)  '  Corgnoides  calycvlaris  (Nich.) 

Ctyptograptus  tricamis  (Carr.)  !  Acrotreta  NichoUoni  (Dav.) 

Next  in  order  occui's  the  zone  of  Dicranograptus  Clingani,  con- 
sisting of  flaggy  black  shales,  which  may  be  studied  to  advantage 
in  the  fine  exposures  on  the  north  side  of  the  **  Score,"  whei^e  the 
forms  given  in  the  annexed  list  were  collected : 

Dicranogt-aptus  Clingani  (Cmt.)  Climacograptus  caudatius  (Lapw.) 

, ,              ramoaus  (Hall. )  Diplograptus  foliaceus  (Murch. ) 

,,              NickoUoni  (Hopk.)  ,,            truncatus  (Lapw.) 

DiceUograptus  Forchhammeri  (G«initz. ):    Gryptograptus  tricomis  (Carr. ) 

,,            caduceus  (Lapw.)  i   Diicina,  sp. 

,,            degans  (C&TT.)  Acrotreta,  sp. 

Leptograptus  flaocidu*  (Hall.) 


To  these  succeed  the  slaty  black  shales  of  the  Pleurograptns 
linearis  zone,  from  which  the  following  forms  have  been  collected  : 

Pleurograptua  linearis  (Carr.)  DiceUograptus  eUgans  (Carr.) 
Leptograptus  Jlaccidus  (HaU.)  ,,  Morrisi  (Hopk.^ 

,,  captUaris  (Curr.)  i  Ainphigraptus  divergens  (ELaM.) 

IHplograptfis  miadrimucronaius  (Hall. )!  Glimacograptus  bicornis  (Hall. ) 

,,  foUaceus  (Murch.)  „  ttUndiferus  (Lapw.) 

Retioliies  (Nturograptus)  fiJlyraius         ,  Curynoides  calycularis  (Nich.) 

(Lapw.)  ;  Acrotreta  NichoUoni  (Dav.) 

So  highly  convoluted  are  the  sti-ata  on  the  noi-th  cliff  that  it  is 
almost  impossible  to  determine  definitely  the  extent  of  the 
reduplication  of  the  zones;  but  at  the  extreme  north-eastern 
comer  of  the  "  Score  "  the  ClimacograpttLs  Wilsoni  zone  reappears, 
where  it  yields  specimens  of  Buthograptiis  loams,  and  is  followed 
towards  the  north  by  the  orange-coloured  mudstones  ^of  the 
Olenkiln  division. 

The  crest  of  the  ridge  north-west  of  Hartfell  "Score"  is  occupied 
by  grite  and  shales  (Tarannon),  but  the  Mofiat  Shales  come  to 
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the  8ur&C6  ou  another  anticline  in  Bill's  Gleugh  (Fig.  24) 
parallel  to  that  of  Hartfell.  There  the  lowest  visible  strata 
consist  of  Barren  Mudstones,  which  are  followed  by  black  shales 
yielding  Lower  Birkhill  graptolites. 

About  half  a  mile  to  the  north-east — ^in  Pot  Bum — ^the  pro- 
longation of  the  Hartfell  band  is  met  with,  where  Lower  Birkhill 
strata  are  exposed,  and  again  at  the  head  of  Cold  Grain,  below 
the  summit  of  He^ell.  At  the  latter  locality  the  black  shale 
bands  present  an  interesting  palaeontological  feature,  for  there 
the  Monograptus  spinigerus  zone  occurs  with  the  3/.  gregarius 
zone,  thus  showing  that  at  the  north-east  termination  of  this 
anticline  a  portion  of  the  Upper  Birkhill  division  is  still  to  be 
found.  The  following  forms  have  been  collected  from  this 
exposure :  MoTiogra/ptiis  spinigerus  (Nich.),  M,  Hisingeri  (Carr.),  M. 
lohiferus  (M*Coy),  M,  gregarius  (Lapw.),  if.  aUewaatus  (Hopk.),  M. 
spiralis  (Geinitz),  M,  tenuis  (PortL),  Climaoogra/ptus  normaiis 
(Lapw.). 

Ruttonside. — ^Taking  now  the  bands  more  or  less  in  the 
strike  of  Hartfell  to  the  west  of  the  Permian  basin,  the  observer 
finds  a  similar  absence  of  the  fossiliferous  zones  of  the  Upper 
Birkhill  division.  At  Ruttonside,  in  the  railway  cutting,  there 
are  two  anticlines  of  black  shales  embedded  in  grits  and  grey- 
wackes.  They  yield  Diplograptvs  vesiculosus  (Nich.),  Mono- 
graptus gregarius  (Lapw.),  Clima/iograptus  normaiis  (Lapw.),  &c. 
These  beds  are  followed  rapidly  by  greywackes,  with  only  thin  flags 
and  shales  intervening.  The  same  features  are  observable  in  the 
Cloffin  Bum  about  a  mile  to  the  south-west  of  Ruttonside. 

Headshaw  Linn. — ^About  a  mile  north  of  Ruttonside, 
in  the  Headshaw  Linn,  Dead  Bum,  a  small  but  clear  section  is 
found.  The  lower  part  of  the  bum  is  occupied  by  greywackes 
and  shales  dipping  towards  the  north-west  at  an  angle  of  about 
80°.  On  crossing  a  line  of  fault  trending  north-west,  with  a 
downthrow  to  the  west,  members  of  the  MoSat  series  are  exposed 
in  an  isoclinal  fold.  Here  they  consist  of  beds  belonging  to  the 
Monograptus  gregarius  zone  and  the  Diplograptus  vesiculosus 
zone.  At  one  point  the  Barren  Mudstones  emerge  from 
beneath  thin  black  shale  bands.  All  the  strata  are  veiy  much 
decomposed,  the  Diplograptus  vesiculosus  band  being  even  bleached 
into  a  lilac-coloured  clay.  The  following  among  other  forms  were 
obtained :  Monograptus  gregarius  (Lapw.),  M.  triangulatus  (Hark.), 
M.  cyphus  (Jj&^w.),  Bastrites  peregrinusKBarr,),  Petalograptus  folium 
(His.),  Diplograptus  tainariscus  TNich.). 

To  the  nortii  and  south  oi  this  fold  a  few  feet  of  purple 
barren  shales  succeed,  and  these  are  followed  by  the  greywacKes 
and  shales  (QueensbeiTy  grits)  of  Llandovery-Tarannon  age. 

Gameshope  Bur  n. — Further  to  the  north-east  of  Hartfell 
there  are  three  small  local  folds  in  the  streams  draining  into  this 
bum  near  the  water-shed.  In  the  west  branch,  about  two  miles 
north-east  of  Hartfell,  black  shales  that  have  bleached  white  occur, 
in  which  GUmacograptus  normaiis  (Lapw.)  was  found.  Grey  shales 
are  associated  with  the  foregoing  banos,  and  in  the  north  side 
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of  the  fold  they  plunge  Tindemeatli  the  greywackes  and  grits  at 
angles  varying  from  40**  to  50°. 

In  another  branch  of  the  Gameshope  Burn,  north  of  the 
watershed  at  Loch  Skene,  bands  belonging  to  the  Monograpttts 
ffregarius  zone  occur,  yielding  also  M.  leptotheca  (Lapw.),  Diplo- 
graptuLS  tamwristms  (Nich.).  These  are  immediately  overlain  by 
shales,  flags,  and  greywackes. 

Mid  Craig,  Loch  Skene. — In  a  notch  on  the  Mid 
Craig  overlooking  Loch  Skene,  on  the  west  side,  a  band  appears  of 
Mo&t  Shales,  which  can  be  traced  for  about  two  miles.  The 
Barren  Mudstones  occupy  the  centre  of  the  fold,  followed  on 
both  sides  by  the  Lower  Birkhill  black  shales,  with  their  charac- 
teristic fossils,  especially  those  of  the  Monograptvs  gregarius  zone. 
These  are  overlain  by  a  limited  thickness  of  grey  snales,  probably 
representing  part,  ii  not  the  whole,  of  the  upper  portion  of  this 
division.  At  the  head  of  the  "  Score "  the  inverted  anticline  is 
abruptly  narrowed  by  two  branching  faults  with  a  downthrow 
to  the  west.  Of  these  the  northern  one  is  the  more  powerful, 
as  it  brings  the  greywackes  and  grits  into  contact  with  the 
black  shales,  while  the  southern  one  throws  the  grey  shales 
against  the  fossiliferous  bands. 

To  the  west  of  the  faults  the  anticline  does  not  show  the 
Barren  Mudstones,  but  only  the  overlying  black  shales. 

A  short  distance  to  the  south  of  the  foregoing  arch,  in  a  notch 
on  the  Mid  Craig  opposite  the  middle  of  Locn  Skene,  a  black 
sandy  bed  occurs  among  the  Tarannon  grits.  It  is  about 
three  feet  wide,  with  a  few  inches  of  shaly  clay  containing 
indistinct  traces  of  graptolites.  Here  occur  nodular  masses  of 
crystalline  limestone  and  spathic  iron-ore,  the  latter  decom- 
posing into  brown  oxide  of  iron. 

Immediately  to  the  south  of  the  anticline  of  the  Moft'at  Shales 
on  the  Mid  Craig  there  is  a  broad  exposure  of  grey  slaty  shales, 
which  are  evidently  repeated  by  numerous  folds.  They  may 
probably  represent  the  series  immediately  overlying  the  Birkhill 
beds. 

The  band  at  the  head  of  Loch  Skene  i*eappears  on  the  slopes 
of  Lochcraig  Head  at  a  height  of  2000ft.,  rising  from  underneath 
the  QueensbeiTy  grits.  Here,  as  on  the  Mid  Craig  just  referred 
to,  there  is  a  greater  breadth  of  the  barren  grey  shales  on  the 
south  than  on  the  north  side  of  the  fold. 

Garlic's  Clench,  Winter  hope. — On  the  other  side  of 
the  watershed  the  same  band  is  met  with  again  in  the  streamlets 
flowing  into  Garlic's  Clench,  a  tributary  of  the  Meggat  Water, 
where  there  are  several  flat  anticlines  of  the  Lower  Birkhill  beds 
associated  with  barren  grey  shales.  Here  a  band  of  pebbly  grit, 
interleaved  in  the  latter  strata,  may  probably  lie  on  the  same 
horizon  as  the  pebbly  band  that  occurs  in  the  shales  to  the  north- 
east. 

From  the  occurrence  of  these  local  folds  of  the  Moffat  Shales 
in  Garlie's  Cleuch  and  the  ridge  to  the  south,  within  no  great 
distance  of  each  other,  and  in  the  strike  of  the  strata  in  Mid  Craig, 
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Loch  Skene,  it  is  probable  that  the  Moffat  Shales  lie  near  the 
surface  in  several  of  the  folds  of  grey  shale  at  the  latter  locality. 

Towards  the  north-east,  black  shales  again  appear  on  the  hill- 
slope  east  of  the  great  bend  in  Winterhope  Bum,  yielding  DipZo- 
graptvs  vesicvhsus  (Nich.)  and  B,  acuminattfs  (Nich.). 

Shielhope,  Syart  Law,  and  Craigierig.— In  the 
basin  of  the  Meggat  Water  a  band  is  traceable  from  the  burn 
at  Shielhope  by  Syart  Law  to  the  stream  at  Craigierig.  Of  the 
sections  there  exposed,  one  in  the  scar  opposite  Cramalt,  on  the 
slope  of  Syart  Law,  shows  the  greatest  development  of  this  series. 

The  Barren  Mudstones  are  seen  at  the  top  of  the  scar, 
with  the  Lower  Hartfell  black  shales  rising  from  underneath, 
but  here  inverted.  The  latter  are  repeated  by  numerous 
isoclinal  folds.  They  contain  Diplograptv^  foliaceus  (Murch.), 
DicranograptiLs  ramosus  (Hall),  DiceUograptus  Fwclihammeri 
(Geinitz). 

The  Barren  Mudstones  lie  in  some  of  they  small  synclines, 
but  eventually  they  dip  to  the  north-west  and  pass  underneath 
the  Lower  Birkhill  Shales  and  the  overlying  grey  shales. 

In  the  Shielhope  Burn  two  small  folds  of  the  Lower  Birkhill 
gi'oup  may  be  seen.  Again,  in  the  bum  at  Craigierig,  on  the  north 
bank  of  the  Meggat  Water,  a  very  small  exposure  of  the  highest 
bands  of  the  lower  division  of  this  group  has  yielded  Monograptus 
lohiferus  (M*Cov),  Biphgraptus  tamariscus  (Nich.),  Bastrites 
peregrinus  (Barr.).  These  strata  are  overlain  by  shales  and  pebbly 
grits,  with  fine  silky  shales  like  those  with  MoTwgraptua  Sedgwicki 
in  Dobb's  Linn.  Some  of  the  pebbly  grits  contain  fragments  of 
black  shales. 

Boar  Cleucli,  Glengaber  Bur n. — A  beautiful  nonnal 
anticline,  as  described  by  Professor  Lapworth,  occurs  in 
this  stream,  and  shows  the  infraposition  of  the  MofGsit  series  to 
the  Queensberry  grits.  The  Yair  Bum  is  here  deflected  into 
the  Boar  deuch  sllong  the  crest  of  the  arch  in  the  black  shales. 
The  flaggy  black  shales  of  the  Biplograptus  vesicidoms  zone 
are  exposed  in  the  bed  of  the  stream,  being  the  lowest  visible 
strata,  followed  by  the  bands  representing  the  Monograptus 
gregarius  zone.  T?hese  are  in  turn  overlain  by  a  considerable 
thickness  of  grey  flaggy  shales  underlying  the  grits.  They 
are  not  fossiUferous,  but  it  is  highly  probable  that  they 
represent  the  upper  portion  of  the  Birkhill  division  in  Dobb's 
Linn. 

Proceeding  northwards,  either  along  the  course  of  the  Glen- 
gaber Burn,  or  by  the  road  from  Craigierig  towards  the  head 
of  the  Manor  Water,  we  encounter  several  folds  in  the  overlying 
Queensberry  gi*it  series,  which  bring  up  the  dark  grey  shales 
associated  with  the  Lower  Birkhill  beds  in  that  region. 

Dry  hope  Hope,  Kirkstead  Burn. — About  a  mile  and 
a  half  to  the  north-east  of  the  folds  in  Glengabeur  Burn  and  Boar 
Clench,  similar  evidence  is  obtained  of  change  in  the  litho- 
logical  characters  of  the  members  of  the  Birkhill  division.  For 
in  the  Kirkstead  Burn,  west  of  Dryhope  Hope,  there  is  a  constant 


The  Central  BfU—Tli€  Moffnt  Series.  141 

repetition  of  blue-gi'ey  shales  with  thin  grits,  containing  at  one 
or  two  locsalities  thm  black  seams,  which  enclose  graptolites  of  the 
Upper  BirkhOl  division.  Abont  one-third  of  a  mile  west  of  the 
shepherd's  house  of  Dryhope  Hope  a  thin  dark  seam  in  highly 
inclined  grey  shales  furnishes  specimens  of  Matwgraptus 
spinigerus. 

Douglas  Burn. — Crossing  the  watershed  to  the  basin  of 
the  Douglas  Bum,  which  joins  the  YaiTow  about  a  mile  and  a 
half  to  the  east  of  St.  Mary*s  Loch,  we  find  in  several  tributaries 
of  this  stream,  near  Muttonhole,  exposures  of  rcOTesentatives  of 
the  Mofiat  series.  On  the  south  slope  of  Jeffrey  Kig,  about  half 
a  mile  to  the  west  of  Muttonhole,  black  shales  and  cherts,  and 
black  shales  with  white  clays,  are  visible  in  small  scars. 

Slate  Clench,  Douglas  Burn. — Further  to  the  north- 
east, in  the  Slate  Clench,  that  unites  with  the  Douglas  Bum  at 
Muttonhole,  members  of  the  Glenkiln  and  Birkhill  divisions 
appear  in  a  highly  disturbed  condition  on  the  south-west  bank 
about  700  yards  up  the  stream. 

Beginning  at  the  north-west  limit  of  the  section,  the  observer 
finds  grey  sandy  shales  dipping  towards  the  north-west  at  30**, 
which  are  faulted  against  a  mass  of  black  shales  with  black 
cherts,  representing  the  Glenkiln  group.  The  beds  are  much 
shattered,  but  the  following  forms  were  here  obtained : 


Didifmograptiu  mperttes  (Lapw.) 
Coenograptus  gracUis  (Hall.) 

, ,  pertenu%$  (Lapw. ) 

Dicranograpttis  formosus  (Hopk.) 


Diplograptus  foUaceus  (Murch.) 
Oryptograptus  tricomis  (Carr.) 
ClimacograptiiSy  sp. 


These  Olenkiln  Shales  are  followed  to  the  south-eavst  by  cherts 
and  mudstones  which  may  represent  part  of  the  radiolarian 
cherts  of  Arenig  age,  succeeded  by  a  second  band  of  black  shales 
yielding  CryptograpU(£  tricomisj  Glimdcograptus  hiconiis,  &c. 
The  latter  are  followed  by  mudstones  and  black  sandy  shales, 
containing  fossils,  belonging  to  the  Birkhill  giroup,  viz. : 
Rastriies  maarimus,  Diplograptus  tamariscus,  Monograptus  tenuis,  &c. 
It  is  evident  that  a  fault  separates  these  Birkhill  strata  from  the 
representatives  of  the  Glenkiln  division. 

On  both  sides  of  this  exposure  of  the  Moffat  series  there  is  a 
development  of  grey  slaty  shales  with  occasional  flaggy  grit  bands ; 
these  are  associated,  on  the  north-west  side  of  the  fold,  with  a 
pecidiar  series  of  white  or  cream-coloured  flintv  shales, 
resembling  the  flinty  bands  in  Eamscleuch,  Lauderdale  (see 
p.  197). 

Black  Clench,  Douglas  Burn. — High  up  on  the  western 
slope  of  the  watershed  that  separates  the  Douglas  Bum  from 
Traquair  Water,  another  section  reveals  representatives  of  the 
Glenkiln,  Hartfell,  and  Birkhill  divisions.  It  is  exposed  in  a 
scar  at  the  head  of  a  rivulet  draining  into  Black  Cleuch,  about 
a  mile  and  a  half  up  from  its  junction  with  the  Douglas  Bum, 
and  about  half  a  mile  south  of  the  crest  of  Dun  Big  (2433ft.). 
Ascending  this  streamlet,  the  observer  finds  greywackes  and  shales, 
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nearly  vertical  or  dipping  to  the  north-west,  followed  by  black 
shales.  Along  their  south  side  the  Moffat  Shales  are  truncated  by 
a  fault  that  brings  them  in  contact  with  the  greywackes.  Black 
flinty  bands  are  associated  with  the  black  shales  near  the  fault. 
From  the  following  list  of  fossils  obtained  from  these  shales,  it  is 
evident  that  they  represent  the  Glenkiln-Hartfell  group,  viz. : 
Climacograptus  peltifer,  0.  ocelakis  var.  antiguvs,  C.  Schdremhergi, 
G,  cavdakfs,  IHcranograptus  ra/mosvs,  DiceUograpttis,  Cryptogrcuptus 
tricomiSy  IHplograptus  foliaceus,  Corynoides  catytmUiris. 

These  strata  are  truncated  by  a  fault  which  brings  them  into 
conjunction  with  blue-black  sandy  shales  and  clays  of  the  Mono- 
grapttis  gregarivs  zone  of  the  Lower  Birkhill  di^nsion.  They  present 
the  following  assemblage  of  graptolites :  Monograptits  gregarius,  M, 
lobiferus,  M.  tricmgvlatus,  M.  leptotheca,  M,  tenuis,  M,  attemtaius,  &c. 
On  the  north  side  there  is  a  passage  upwards  into  greywackes  and 
shales,  which  may  represent  part  of  the  Upper  Birkhill  Shale 
group. 

Cow  Linn,  Fruid  Water. — About  a  mile  and  a  half 
from  tlie  source  of  the  Fruid  Water,  north  of  Hartfell,  below 
the  foot  of  Black  Cleuch,  the  stream  flows  through  a  rocky 
gorge  in  greywackes  and  grits.  Near  the  bend  of  the 
stream,  in  an  excellent  exposure  of  the  Lower  Birkhill 
Shales,  these  strata  are  arranged  in  an  isoclinal  fold,  the  lowest 
beds  being  in  the  centre,  and  with  the  higher  zones  on  either 
side.  From  the  accompanying  lists  of  fossils,  which  are  abun- 
dant and  well  preserved,  obtained  from  this  locality,  it  is  evident 
that  all  the  main  zones  of  the  Lower  Sirkhill  division  are 
represented.  The  Monograptus  gregarius  zone  has  yielded  the 
following  forms: 

Mofwgraptxis  gregarius  (Lapw.)  Monograptus  tenuis  (Portl.) 

leptotheca  (Lapw.)  Diplcgraptus  tamariscus  (Nich.) 


?» 
»» 
♦  » 
*» 


cyph/as  (Lapw!)  Petalograptus  folium  (His.) 

triangulatus  (Hark. )  BastrUes  peregrinus  (Barr. ) 


lohiferus  (M  'Coy. ) 

From  the  two  lower  zones  the  following  fossils  were  exhumed : 

Diplcgraptus  vesiculosus  (Nich.)  Monograptus  tenuis  (Portl.) 

„  a>cuminatiui  (Nich.)  Climacograpttis  normalis  (Lapw.) 

Dim4>rphograptus  Swanst^mi  (Lapw.)        Dawsonia  c(vmpanulata  (Nich.) 

This  band  is  of  special  impoi-tance,  as  it  still  yields  the 
characteristic  fossils  of  the  Monograptus  gregarius  zone.  To  the 
north-west  of  this  outcrop  this  particular  horizon  is  no  longer  met 
with.  On  all  the  anticlines  between  the  Cow  Linn  and  the  river 
Tweed  above  the  Crook,  only  the  two  lower  zones  of  the  Lower 
Birkhill  beds  are  represented. 

To  the  south-west  of  the  Cow  Linn  section,  the  prolongation 
of  this  band  is  met  with  in  the  White  Cleuch,  a  branch  of  the 
Carterhope  Bum,  where  grey  and  dark  shales  occur. 

Powskein  Burn. — In  a  small  tributary  of  this  bum — 
joining  the  Tweed  about  a  mile  to  ihe  north  of  the  Permian 
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ontlier  at  Erickstaue  —  a  mass  of  grey  and  dark  shales  is 
exposed,  from  whicli  no  fossils  have  been  obtained.  They 
resemble  those  beds  associated  with  the  Lower  Birkhill  Shales 
at  the  head  of  Blackhope  Bum  on  Hartfell. 

Howecleuch,  Eyan  Water. — At  Nether  Howeclench, 
near  the  junction  of  Harthope  Bum  with  the  river  Eyan,  an 
exposure  of  black  sandy  shale  in  an  isoclinal  fold  may  be  seen  in  the 
midst  of  the  Queensberry  grits.  The  band  is  only  a  few  feet 
broad,  but  it  has  jnLelded  some  Lower  Birkhill  fossils. 

Fruid  Water. — On  the  east  side  of  the  valley,  about  a 
mile  below  Fruid  Farmhouse,  in  a  small  gtdly  above  the  road, 
black  sandy  shales  are  met  with  in  the  grits,  which  are  con- 
tinued north-eastwards  into  the  Menzion  Water.  Similar  strata 
occur  in  the  Hawkshaw  Bum,  a  tributary  of  the  Fruid  Water, 
about  a  mile  north  of  Carterhope. 

Foot  of  Fruid  Water,  near  junction  with  the 
Tweed. — ^Near  the  foot  of  Fruid  Water  interesting  sections 
are  found  of  the  representatives  of  the  Moffat  series.  For  several 
miles  this  stream  flows  along  an  alluvial  flat  which  conceals 
the  rocks  from  view,  but  eventually  it  careers  through  a  rocky 
gorge  carved  out  of  the  pebbly  bands  of  the  Queensberry  grits. 
Just  above  the  gorge  it  traverses  for  about  100  yards  a  succes- 
sion of  dark  blue,  almost  black,  and  grey  shales,  representing  the 
two  lower  zones  of  the  Lower  Birkhill  division.  To  the  north 
of  the  grits  the  dark  and  grey  shales  once  more  appear.  The 
strata  have  a  constant  dip  aown  stream  or  towards  the  north  at 
angles  varying  from  45°  to  50**.  It  is  highly  probable  that 
the  dark  shales  are  repeated  by  means  of  isoclinal  folds.  The 
most  northerly  outcrop  is  shifted  by  a  fault  trending  north, 
which  cuts  obliquely  across  the  stream. 

It  is  a  remarkable  fact  that  in  these  exposures  the  two  lower 
zones  of  the  Lower  Birkhill  Shales  have  entirely  changed  their 
lithological  characters.  Instead  of  the  persistent  bands  of  black 
flaggy  shales  that  run  through  the  whole  of  the  Moffat  region, 
abundantly  charged  with  fossils,  the  shales  are  now  dark  blue, 
hardly  black,  and  seldom  contain  fossils.  Indeed,  after  a  most 
rigorous  search  by  Mr.  Macconochie,  only  the  few  following  forms 
were  obtained : 

Diplograptus  acuwincUus  (Nich.)  Glima^iogrttptu^  normalis  (Lapw.) 

„  vedcuhsus  (Nich.) 

The  more  northerly  band  can  be  traced  north-east  to  the 
Menzion  Bum  and  to  the  Talla  Water  above  Dykehead. 

Tweed  Valley. — On  referring  to  the  map  (Sheet  16)  it 
will  be  seen  that  a  band  which  represents  part  of  the  Moffat  series 
can  be  traced  along  the  valley  of  the  Tweed  from  the  foot  of 
the  Talla  Water,  south-west  to  the  bend  above  Glenbreck. 
Where  this  band  is  exposed  in  the  Tweed  at  Bigs  it  has  yielded 
the  following  forms : 

Dij>U>ffmptw  acuminatua  (Nich.)        j      Climacoaraptm  normalis  (Lapw.) 
„  femcfuloaus  (Nich.)  I      Dimorpnograptxis  (?) 
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Here  the  fossiliferous  zone  is  only  a  few  inches  thick,  and 
fossils  are  extremely  rare. 

At  other  points  along  this  line  of  outcrop  between  Glenbreck 
and  the  Talla  Water  the  following  additional  fossils  have  been 
obtained :  Cliinojcogra'ptus  innotakis  (Nich.),  Dimorphograptus  elongor- 
tus,  and  Diplograptvs.  One  of  these  fossiliferous  localities  occui-s 
at  the  bridge  across  the  Tweed  near  the  foot  of  the  Talla  Water. 

On  three  successive  anticlines  in  the  Oliver  Bum,  north  of 
the  Tweed,  three  representatives  of  part  of  the  Moffat  series 
make  their  appearance.  The  folds  are  isoclinal,  the  strata 
having  a  uniform  dip  to  the  north- west  at  angles  varying  from 
45^  to  70^ 

About  two  miles  to  the  south-west  of  the  Tweed  at  Glen- 
breck, several  anticlines  of  these  fossiliferous  Moffat  Shales  occur 
in  close  association  with  the  outcrops  of  the  Pinstane  Conglomerate. 
Here  they  yield  fossils  very  sparingly,  but  in  numbers  sufficient  to 
prove  their  hori25on. 

A  glance  at  the  map  will  show  that  along  the  northern  margin 
of  the  Llandovery  and  Tarannon  area,  between  the  valley  of  the 
Tweed  and  Kingledores  Bum,  and  westwards  towards  the  Midlock 
Water  at  Howe  Cleuch,  several  local  isoclinal  folds  expose 
similar  dark  blue  shales  which  are  probably  the  representatives 
of  the  very  basal  bands  of  the  BirkhiU  division.  In  these  bands, 
Biplographis  vesicuhsvs  has  not  been  detected,  but  fragments  of 
certain  graptolites  which  are  the  associates  of  that  species  and  D. 
a^cwminatiLS  at  the  foot  of  the  Pruid  Water  and  in  the  Tweed  bands 
have  been  found.  Amongst  them  there  is  a  small  and  very 
attenuated  form  of  CUmoAiograptus  which  seems  to  be  characteristic 
of  the  bands  near  the  margin  of  the  Tarannon  area.  Indeed,  it  is 
mainly  by  the  aid  of  these  bands  that  the  boundary  line  has  been 
drawn  at  the  base  of  the  Tarannon  and  Llandovery  rocks  in  the 
north-west  part  of  Sheet  16.  But  it  must  be  clearly  borne  in 
mind  that  fossils  are  extremely  rare  and  poorly  preserved.  In  the 
exposures  along  the  boundary  line  neither  Diplograptus  vesiciilosus 
nor  D.  acuminatus  has  been  detected.  It  must  be  frankly 
admitted  that  there  is  no  well-marked  fossiliferous  band  which 
can  be  traced  continuously  at  the  base  of  the  Llandovery  and 
Tarannon  series  in  the  northern  area.  These  facts  have  an  impor- 
tant bearing  on  the  lateral  variation  of  the  Moffat  series  as  we  pass 
towards  the  Abington  and  Lead  Hills  districts. 

Summarising  the  evidence  given  in  this  chapter  regarding 
the  modification  of  the  Moffat  zones  between  Dobb's  Linn  and 
the  margin  of  the  Tarannon  area,  it  is  observable  that  there 
is  a  gradual  change  in  the  lithological  characters  of  the  members 
of  the  BirkhiU  division  and  a  gradual  disappearance  of  the 
fossiliferous  zones  as  we  pass  towards  the  north-west.  Along 
the  line  of  the  Hartfell  band  the  fossiliferous  zones  of  the  Upper 
BirkhiU  division  have  either  whoUy  or  partially  disappeared. 
The  last  appearance  of  the  Monograptus  gregarius  zone,  which 
is  the  highest  band  of  the  Lower  BirkhiU  Shales,  occuns  on  the 
anticline  at  Cow  Linn  near  the  head  of  the  Fruid  Water, 
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At  the  foot  of  the  Fruid  Water  and  in  the  bed  of  the  Tweed 
between  the  foot  of  the  Talla  Water  and  Glenbreck,  though 
specimens  of  Diplograpius  vesiculoeus  and  B.  acuminatiis  have  been 
obtained,  the  lithological  characters  of  the  zones  marked  by  these 
species  have  been  considerably  changed.  Fossils  are  extremely 
rare  in  the  bands  of  dark  blue  shale. 

North  of  the  Tweed  as  far  as  the  line  selected  to  mark  the  base 
of  the  Llandovery  Rocks,  Biphgra/pius  veeicidosus  and  D,  acuminatus, 
characteristic  of  the  two  lower  zones  of  the  Lower  Birkhill  Shales, 
seem  to  have  disappeared,  and  there  are  only  traces  of  graptolites 
which  are  the  associates  of  these  species  in  the  bands  of  the  Tweed. 
It  is  clear,  therefore,  that  within  a  distance  of  nine  miles  from  the 
^rpical  Dobb's  Linn  section  along  the  northern  margin  of  the 
Llandovery  area,  the  characteristic  zonal  fossils  of  the  Birkhill 
division  have  disappeared. 
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CHAPTER  Vm. 
THE  CENTRAL  BELT— «>»/wii«i. 


The  Glenkiln  Section. — The  section  in  the  Glenkilii 
Bum  about  thi-ee-quartera  of  a  mile  above  Kirkmichael  Manee, 
DumfrieBBhire,  has  been  fully  described  by  Professor  Lapworth  in 
his  paper  on  "  The  Moffat  Series."  From  this  section  the  lowest 
division  of  the  series  derives  its  name,  because  it  yields  the  charao- 
teristic  fossils  of  the  group  in  greatest  abundance. 


Fio.  26. — Plan  of  Strata  in  Qlenkiln  Burn,  Kirkmichael,  Dumfrieeshire. 
i.  Olenkiln  mudstones  and  cherta.      21.  Glenkiln  black  shale.      311  Lower 
Hartfell  Shales.      311'-  Barren  MudatoneB.      41>1.  Lower  Birkhill  Shales. 
«1II'.  Upper  BirkhiU  Shales.     4111''-JtfoiCTmiM-w>ne.     4m'".  ae^uiu-zone. 
4.  Taraimon  aeries,     f,  Faulta.      -"-  Recent  ajluvium. 
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From  the  accompanying  plan  (Fig.  25)  and  horizontal  aectiona 
it  will  be  seen  that  the  ori^nal  sequence  of  the  strata  has  been 
much  disturbed  hj  faulting.  A  still  further  disadvantage 
appears  in  the  fact  that  as  the  observer  ascends  the  stream  from 
the  Manse  he  first  finds  an  exposure  of  the  Lower  Hartfell  black 
shales,  which,  owing  to  a  blanlt  in  the  section,  are  not  in  visible 
continuity  with  other  strata  to  the  south.  The  Hartfell  black 
shales  at  the  latter  point  form  an  inverted  syncline  dipping  to  the 
north-west.  At  the  edge  of  the  south  limb  of  this  fold  and  on  the 
left  bank  of  the  bum  there  is  an  exposure  of  grey  and  black  shales 
which  contain  the  following  characteristic  forms  of  the  Climaeo- 
graptut  Wilaoni  zone  in  excdlent  preservation  (3",  Pig.  26)  : 

CUmaxograpfAU  IFtborH  (lApw.)  |    DUmno^mj^.u*  ramomu  (Ball.) 

,.  SdMrtnbwgi  (Lapw.)        Dvplograpt^  f6liaix\i*  (Murch.) 

,,  pelh/w  (Lftpw.)  I    Corynoidti  co(yc«iam  (Nich.) 


HN.E 


dnildln  Burn 


Fio.  26.— Section  in  Qlenkiln  Bum,  near  foot  of  lAmbfoot  Linn 

(No.  1  in  Fig.  25). 

C.  Radiolarian  chert.     (For  farther  eocplanation,  »ee  Fig.  25.) 

Overlying  the  foregoing  strata  and  occupying  the  centre  of  the 
trongh  some  flaggy  shales  have  supplied  the  following  assemblage 
of  fossils : 

Clima<ogTapUis  ai/udat-ai  (Jmw.)  i  Z>ip(o(irop(i«pereccoiw(iM  (Lapw.) 

WcotTii»  (Halt.)  '  I*Mio^mp(iw  morjaritattu  (Ldpir.) 

,,  (ufruii/erujt  (lapw.)  1  Dk^ograpbttamoffaiengUiCaxt.) 

Cojynoida  caiye^darU  CSich.)  ZW^ronoffrajrfiu  ramomw  (H&U.) 

D^ograpttufi^iaeeatQiixixch.)  !  „  JTwAoIwrn  (Hopk.) 

These  fossiliferous  shales  are  immediately  followed  by  those 
forming  the  CHmacograptas  WiUoni  zone,  on  the  north  limb  of  the 
^cline,  which  there  dip  to  the  north  at  an  angle  of  80°.  At 
t^i'g  point  the  section  is  of  importance,  as  it  shows  a  gradual 
passage  downwards  into  bands  ot  chert  with  radiolaria,  and 
mudstones.  Indeed  the  evidence  of  the  intercalation  of  radio- 
larian  mudstones  and  cherts  at  the  base  of  the  Climacograptut 
WiUoni  zone,  famished  by  this  stream,  confirms  the  conclusion 
already  arrived  at  from  a  consideration  of  the  typical  sections 
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in  Dobb'a  Linn  and  at  Hartfel!  Spa.     The 
beds   of   the   Cliinacograplus    WUsoni  zone 
here  consist  of  grey  calcareous  ribs  weather- 
ing \vith  a  brown  rusty  colour,  and  dark  or 
black  sbales,  the  latter  yielding  the  typical 
^      graptolite  of  the  zone  in  fine  preservation, 
~;      The  following  measurements  of  the  beds  in 
g,      descending  order  were  here   taken  as  the 
■  *-       observer  passes  up  stream : 

*  Fset.   Inches 

J       Black   shales   with  grey  strains 

i  yielding  C.  WiJeoni,         .         .1         0 

J       Alternations  of  gi-ey  mudstones 

S  and  nodular  calcareous  bands,     2         0 

fc      Blue  flinty  mudstonea,  .1         € 

f      Dark  shales 0         6 

*,      Band  of  radiolarian  chert,  .         .1         6 

^  At  this  point  there   is   a  blank   in  the 

section  for  a  short  distance,  but  soon  cherty 

1?  beds  appear,  followed  by  a  band  of  black 
shales  six  inches  thick,  and  by   grey-blue 

h  mudstones,   shales,   and    cherty  ribs    with 

a  calcareous    seams.      On    the    south    bank, 

=•  opposite  the  mouth  of  the  little  tributary  of 

^  the  Glenkiln   Bum,  black   shales   or  mud- 

—  stones   dip   to   the    north-west.      They  are 

n  for   the   most   part  very  barren  of  fossils ; 

■*  but  in  certain  seams  they  furnish  specimens 

>  of  Diplograptus  foliaceux,  Corynoidee  calyeu- 

a  laris,  and   Climacograptug.      In   the  bed  of 

p  the  stream,  between  the  foregoing  exposure 

9  of  black  shales  on  the  south  bank  and  the 

Q  fine  development  of  Glenkiln  black  shales 

3  at  the  mouth  of  the  small  tributary,  we  find 

J  grey  cherty  bands  with  dark  or  black  seams, 

^  resembling  those  which  underlie  the  Climaco- 

■B  grapttie  WiUoni  zone  further  down  stream. 

g  Indeed,  it  is  not  improbable  that  they  may 

'%  be  the  same  beds  repeated  by  folding,  and 

:?  that  the  two  bands  of  black  shales  associated 

1  with  them  m^  be  "  outliers  "  of  a  portion  of 
S  the   Lower   Hartfell    Shales.      The   precise 

2  horizon  of  these  black  ahale  bands,  however, 
^       is  as  yet  undefined. 

At  the  foot  of  the  small  tributary  the  grey 
cherty  bands  in  the  bed  of  the  main  stream 
are  separated  from  the  Glenkiln  Shales  by  a 
fault,  which  is  probably  of  no  great 
importance.       The    black     shales    of    the 
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Glenkiln   division   are   here    admirably   exposed,   and   yield   the 
following  characteristic  assemblage  of  fossils : 

Didymoffraptus  superstes  (Lapw.) 
,,  aurratvlus  (Hall.) 

Oanograptus  gracilis  (Hall.) 


>> 


»t 


»i 


Glo88ograptu3  Hiticksi  (Hopk.) 
Clinuicograptwi  hicomis  (liall.) 
,,  pdtifer  (Lapw.) 

J,  ccdatus,  var.  antiqwis 

(Lapw.) 
,,  SchUrenbergi  ^Lapw.) 

Oryptograptus  tricorms  (Carr.) 
Diplograptus  euglyphus  (Lapw.^ 
,,  foliaceus  (Murch.) 

Whit/lddi  (Hall.) 
Lasiograptus  htmucroTiatus  (Nich.) 
Acrotreta  Nicholsoni  (Dav.) 


pertenuis  (Lapw.) 
,,  aurcvlariaJH&il,) 

Thamnograptus  typus  (Hall.) 
Dicranograpius  formoaus  (Hopk.) 
,,  Nicholsoni  (Hopk.) 

,,  ramctsus  (Hall.) 

Dicellograptus  paiuloaus  (Lapw.) 
intortus  (Lapw.) 
moffaterms  (Carr.) 
sextans  (Hall.) 

These  Qlenkiln  Shales  are  succeeded  on  the  north  side,  in  the 
tributary  streamlet,  by  grey  mudstones,  which,  from  their  litho- 
logical  characters,  are  probably  the  Barren  Mudstones  of  the 
Upper  Hartfell  group.  If  this  correlation  be  correct,  then  the 
mudstones  must  be  faulted  against  the  Glenkiln  Shales  to  the 
south.  These  mudstones  are  inclined  to  the  north  for  a  distance 
of  eighty  yards,  and  by  means  of  another  dislocation  they  are 
brought  into  contact  with  greywackes  and  shales  containing 
black  shale  seams  of  Llandove^  age. 

Besuming  the  section  in  the  Glenkiln  Bum,  the  observer  finds 
another  exposure  of  Glenkiln  Shales  about  100  yards  up  stream 
firom  the  toot  of  the  tributary  rivulet,  at  a  point  where  the 
Glenkiln  Bum  takes  a  bend  to  the  north.  Here,  on  the  south 
bank,  the  Glenkiln  Shales  appear,  and  yield  graptolites  in  an 
imperfect  state  of  preservation.  Northwards  they  are  followed 
by  grey  Barren  Mudstones,  the  latter  being  succeeded  by  grey- 
wackes and  shales  exposed  continuously  for  a  distance  of  200 
yards  up  the  stream,  where  the  Glenkiln  Shales  reappear.  Two 
thin  seams  of  silky  shales  are  found  in  the  midst  of  these 
greywackes  and  shales,  yielding  RastrUes  maadm/us,  M.  exigutLS^ 
4c.  (Fig.  27). 

This  higher  exposure  of  Glenkiln  black  shales,  charged  with 
its  characteristic  fossils,  is  truncated  by  faults  to  the  north  and 
south.  In  the  latter  direction  it  is  brought  into  conjunction 
with  the  Tarannon  greywackes  and  shales,  while  on  the  north 
side  it  is  thrown  against  the  members  of  the  Lower  Birkhill 
group,  which  are  there  highly  contorted.  Owing  to  the  faulting 
and  contortion  the  black  shales  and  mudstones  of  the  Birkhill 
division  are  very  shattery,  but  notwithstanding  this  feature  the 
following  forms  have  here  been  obtained  from  various  sub-zones 
of  the  highest  group  of  the  Moffat  series  (Fig.  27). 


Dipiograptus  acuminatus  (Nich.) 
,,  tamarisctis  (Nich.) 

Qimacograptus  normalis  (Lapw.) 
MonograpUu  tenuis  (Portl.) 

aUenudtus  (Hopk.) 
UMfrrus  (M*Coy.) 
leptotheca  (Lapw.) 
Misingeri  (Carr.) 


♦» 


»« 


*» 


Monograptus  cyphus  (Lapw.) 
, ,  spiralis  (Geinitz. ) 

, ,  spinigems  (Nich. ) 

Bastrites  peregriwus  (Barr.^ 
Petalograptus  folium  (His.) 
Peltocaris  aptyehoides  (Salter.) 
Disdnocaris  broumiana  (Woodw.) 
Discinoid  shell. 
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These  Birkhill  Shales  are  followed  in  normal  ordepp  by  grey- 
wackes  and  shales,  in  the  midst  of  which  occurs  a  thin  band  of 
shales  yielding  Rastrites  maximus.  Still  further  up  stream,  at 
a  prominent  bend,  two  thin  seams  of  dark  silky  shales  afford  fine 
examples  of  Bastrites  maximus,  Monograptvs  exiguv^,  M,  prwd/yii, 
Retiolites  perlatus.  It  is  probable  that  the  higher  of  these  fossili- 
ferous  seams  in  the  coarser  sediments  yielding  M.  exiguus,  M. 
priodon,  &c.,  may  be  of  Tarannon  age  (4™'",  Fig.  25). 

Glancing  for  a  moment  at  the  horizontal  sections  (Figs.  26,  27), 
which  illustrate  the  structure  of  the  highly  faulted  exposures  in 
the  Glenkiln  Bum,  one  may  see  how  their  present  complicated 
relations  may  be  satisfactorily  accounted  for  on  the  supposition 
that  they  originally  formed  two  anticlines  and  synclines,  subse- 
quently truncated  by  faults.  About  five  miles  to  the  north-east  of 
the  section  just  described,  there  are  several  exposures  of  the  black 
shale  series  in  the  Dufi^kinnel  Water  near  Raehills,  and  in  the 
Linholm  Bum  above  Glenhall. 

Duffkinnel  Water. — Ascending  the  stream  from  Duffkinnel 
foot,  we  find  brown  crusted  flags,  greywackes,  and  shales  inclined 
to  the  north-west  at  an  angle  of  about  30**.  About  300  yards  from 
the  mouth  of  the  stream  black  shales  appear  on  the  west  bank, 
much  crumpled  and  shattered  and  thrown  into  sharp  folds,  from 
which  no  determinable  fossils  were  obtained.  These  strata  are 
succeeded  by  an  exposure  of  the  Barren  Mudstones,  followed  by 
black  shales  dipping  towards  the  north.  Still  higher  up  on  the 
east  bank  of  the  stream  black  shales  appear,  much  smashed  and 
broken,  but  yielding  a  few  fossils  of  the  Lower  Hartfell  group. 
Crossing  two  thin  felsite  dykes,  we  find  the  Barren  Mudstones, 
followed*  by  greywackes  and  shales  pierced  by  a  dyke  of  felsite. 

These  strata  are  succeeded  by  a  fine  development  of  the  Lower 
Birkhill  group,  in  which  the  flaggy  black  shales  of  the  Diplograptus 
vesiculosus  zone  are  conspicuously  seen  in  a  clifi  on  the  west 
bank.     From  this  exposure  the  following  fossils  were  obtained  : 

Dipio(/raph«  DwicuXo^us  (Nich.)  >    Monogra/ptus  tenuii  (2orW.) 

„  acuminatus  (JSioYi.)  |    Clirna^iograptua  rectangtdaris 

Dimorphograptuselongatu8{'L&pw.)      I  (M*Coy.) 

M(mograptus  attermatiLS  (Hopk.)  ,,  sp. 

,,  gregariiM  (Liopw.) 

Above  these  flaggy  black  shales  come  thin  fissile  black  shales 
and  clays  yielding  a  group  of  fossils  characteristic  of  the  higher 
members  of  the  Lower  Birkhill  group  : 

Monograptus  lobiferua  (M*Coy.J  Monograptu^  spiralis  (Geinitz.) 

leptotheca  (Lapw.)  I   Diplograptus  tamariscus  (Nich.) 

trian^gulatus  ( Hark. )  , ,            confertus  (Nich. ) 

attenuatus  (ELopk.)  GlimucogrciptusrwriiMilis  (lApw.) 

tenuis  (Porfcl.)  ,,              sp. 

gregarius  (lApw.)  |   BaMrites peregrinus  (B&rr.) 

cyphus  (l^pw.)  I         ,,        hybndus  (JjB^pw.) 

A  few  yards  to  the  north  of  this  exposure  of  the  Birkhill 
Shales,  purple  and  red  shales  and  flags  are  seen  in  the  stream. 
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which  continue  north  to  the  footbridge.  Though  this  lower 
section  of  the  black  shale  series  in  the  Duffkinnel  Water  cannot 
be  said  to  be  satisfactory,  yet  the  evidence  points  on  the  whole  to 
the  conclusion  that  the  members  were  arranged  originally  in  an 
isoclinal  arch,  dipping  to  N.N.  W.  The  northern  limb  of  the  arch 
is  tolerably  complete,  the  various  zones  from  the  top  of  the  Lower 
Birkhill  group  to  the  Hartfell  black  shales  being  visible.  It  is 
clear,  however,  that  a  part  of  the  southern  limb  is  absent. 

About  half  a  mile  to  the  north  of  the  foregoing  section  there 
is  another  exposure  of  the  Moffat  series  in  the  DujSkinnel  Water, 
a  few  yards  above  a  small  cottage  named  Qlenhall.  As  the 
section  is  not  continuous,  the  physical  relations  of  the  black 
shales  cannot  be  determined,  but  from  the  following  list  of  fossils 
gathered  from  this  isolated  outcrop,  it  is  clear  that  they  belong 
to  the  Birkhill  group : 


Monograptus  arbutus  (Lapw.) 

aUenuatus  (Hopk.) 
communis  (Lapw.) 
gregarius  (Lapw.) 
cyphus  (Lapw.) 
kptotheca  (Lapw.^ 
lobiferus  (M*Coy.) 
Sandersoni  (Lapw.) 
spinigerus  (Nicn.) 
tervuis  (Portl.) 
triangvlat'iis  (Hark.) 
spiralis  (Geinitz.) 

Diplograptus  ia/mariscus  (^igYl,) 
, ,  confertus  (Nich. ) 


Cephc^ograptus  cometa  (Geinitz.) 
Petalograptus  folium  (His.) 

,,  pahMzus  (Barr.) 

Bastrites  peregrinus  (Barr.) 
,,        hybndus  (Lapw.) 
Climacogrctptus  normalis  (Lapw.) 

,,  or  DiplograpiAM  with 

double  rootlets. 
Dawsonia  campanulata  (Nich.) 
RetioliteSj  sp. 

FeUocaris  aptychoides  (Salter.) 
Disdnocaris  browniana  (Woodw.) 
gigas  (Woodw.) 


Lin  holm  Burn. — ^About  200  yards  above  Glenhall  the 
DufFkinnel  Water  is  joined  by  the  Linholm  Bum  on  the  north 
bank,  in  which  there  is  a  good  exposure  of  the  higher  members 
of  the  Moffat  series,  belonging  almost  exclusively  to  the  Birkhill 
group.  The  section  begins  at  the  footbridge  near  the  mouth  of 
the  bum,  and  continues  for  about  200  yards  up  the  stream. 

At  the  footbridge  on  the  east  bank  of  the  stream  black  shales 
and  clays  dip  northwards  at  85^,  which,  from  the  accompanying 
list  of  fossils,  evidently  belong  to  the  higher  zones  of  the  Lower 
Birkhill  group : 


Radrites  peregrinus  (BarrJ 
Monograptus  aMemiatus{ao^k,) 
,,  tenuis  (Poitl.^ 

,,  triangulattis  (Hark.) 


Monograptus  cyph/us  (Lapw.) 
Diplograptus  tomarMciM(Nich.) 
Fetalograptus  folium  (His.) 
Climacograptus  normalis  (Lapw.) 


Further  up  the  stream  on  the  left  bank  we  encounter  black  and 
grey  mudstones  yielding  Cephalograptus  cometa^  followed  by  black 
and  grey  shales,  irom  which  specimens  of  Monograptus  spinigerus 
were  obtained  in  fine  preservation. 

From  this  point  northwards  to  where  the  section  of  the  black 
shale  series  ceases,  we  find  exposures  from  which  forms  belonging 
partly  to  the  lower  division  and  partly  to  the  upper  division  erf 
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the  Birkhill  group  have  been  obtained.  Close  to  the  northern 
limit  of  the  section  the  GephalograptiM  cometa  zone  reappears. 
Hence  it  is  probable  that  the  Moffat  series  in  this  section  may  have 
originally  formed  two  or  more  minor  anticlines.  This  supposition 
is  confirmed  by  the  evidence  from  the  Duffkinnel  and  Broadshaw 
Waters  along  the  same  line  of  strike  to  the  south-west.  In  the 
latter  sections  three  well-marked  anticlines  occur  in  the  overlying 
greywackes  and  shales.  There  can  be  little  doubt  that  these  are 
merely  the  prolongations  of  the  axial  folds  which  in  the  Linholm 
Bum  are  represented  in  the  Birkhill  group.  This  feature  is 
worthy  of  note,  because  it  helps  us  to  realise  the  extent  of  the 
plication  of  the  Tarannon  formation,  where  the  isoclinal  folding 
cannot  be  demonstrated  by  the  occurrence  of  the  black  shale 
series. 

District  of  Wee  Queensberry  Hill. — In  the  extreme 
north-west  comer  of  Sheet  10,  several  sections  of  the  Moffat 
series  are  exposed  in  the  head  waters  of  the  ;Ae,  one  of  which 
is  of  special  interest  from  the  clear  relations  of  the  strata  and 
from  tne  excellent  preservation  of  the  fossils.  These  exposures 
occur  in  the  Pishnack  and  Bran  Bums,  draining  the  slopes  of  the 
Wee  Queensberry  Hill  and  flowing  into  the  Water  of  Ae. 


Scale      of      Feet. 

Fia.  28. — Plan  of  Strata  in  Pishnack  Bum,  Water  of  Ae,  Dumfriesshire. 

311-   Lower  Hartfell  Shales.      3U'.  Barren    Mudstones.      SU"*  AncqM-zoue. 
4111.  Lower  Birkhill  Shales.     4.  Tarannon  greywackes  and  shales. 

The  best  section  is  exposed  in  the  lower  part  of  the 
Pishnack  Burn,  beginning  not  far  above  the  point  where  it  joins 
the  Water  of  Ae.  Ascending  the  stream  from  the  foot,  we  find 
grey^vackes  and  shales  of  the  Tarannon  formation  having  a 
dip  to  the  north-west,  succeeded  by  a  considerable  development 
of  grey  and  greenish  shales,  with  occasional  bands  of  yellow 
decomposing  grejrvvacke.  From  the  accompanying  plan  (Fig. 
28)  and  horizontal  section  (Fig.  29),  the  position  of  the  various 
sub-divisions  of  the  black  shale  series  will  be  seen  at  a  glance. 
Beyond  the  green  crumbly  shales  no  rock  is  exposed  for  a  few 
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yards,  but  soon  a  fine  display  of  black  shales  is  encountered, 
followed  by  alternations  of  black  shales  and  clays.  In  one  of  the 
black  shale  bands,  yielding  fossils  in  profusion  and  in  good 
preservation,  the  following  species  were  found  : 


Monograpiua  argutus  (Imw.  ) 

attenwxtus  (Bopk. ) 
coTMfnunia  (Lapw.) 
kpMheca  (Lapw.) 
Mnferus  (M*Coy.) 
Huiwferi  (Carr.) 
spinigerus  (Nich.) 
Sandersoni  (Lapw.) 
spiralis  (Qeinite.) 
ten/uis  (Portl.) 
triangtUaius  (Hark.) 


Diplograptus  tamariscus  (Nich. ) 

,,  sp. 

Olimcuiograptua  normalis  (Lapw.) 
Petalograptus  ovatoeUmgatus 

(Kurck.) 
Diplograptus  confertus  (Nich.) 
Da/wsonia  campanulatu  (Nich.) 
Lingula  sp. 
OhcieUa  sp. 
Discinoid  shell. 
Sponge-like  markings. 


From  the  fooregoing  list  it  is  apparent  that  these  black  shales 
and  clays  belong  to  the  middle  zones  of  the  Birkhill  division. 

Next  in  order  comes  an  excellent  exposure  of  flaggy  black 
shales  yielding  characteristic  specimens  of  Diplograptus  vesiculosus^ 
together  with  Monograptvs  gregarius,  M.  hhiferuSy  M,  aitenuatus, 
Dimorphograptus  elongabis. 

On  the  opposite  bank  of  the  stream  there  is  an  anticlinal  fold 
in  black  shales  in  which  Diplograptus  aeumiruUus  was  detected. 

A  few  yards  higher  up  the  observer  is  confronted  with  a 
prominent  exposure  of  the  Barren  Mudstones,  forming  a  cliff 
on  the  left  bank  of  the  stream.  A  small  faidt  evidently  inter- 
venes between  the  black  shales  at  the  base  of  the  Birkhill  group 
and  the  Barren  Mudstones,  because  both  occur  in  the  same  line 
of  strike,  but  it  has  little  effect  on  the  relative  position  of  the 
beds.  In  a  band  of  bleached  shales  was  found  Dicellograptus 
anceps,  proving  the  horizon  of  the  Barren  Mudstones  (3°"). 

A  short  distance  up  the  stream  bleached  black  shales  are 
encountered  yielding  the  following  fossils  characteristic  of  the 
Hartfell  black  shales :  Climacograptus  cavdatvs,  G.  tubuHferus^ 
IHpiograptus  pereoccavaius  (8°,  Figs.  28,  29). 

Unfortunately,  a  portion  of  the  section  of  the  Moffat  series  is 
concealed  at  tlus  point  owing  to  a  thick  covering  of  superficial 
deposits,  but  not  far  to  the  north  black  shales  again  appear, 
containing  Diplograptus  vesictdosus  and  D.  a-ciimi^wivs  in  a  fine 
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Fia.  29. — Section  near  foot  of  Pishnack  Bum. 
(For  explanatiojij  see  Fig,  28.) 
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state  of  preservation.  With  the  Diphgraptus  vesicuLosua  zone  is 
associated  a  band  of  black  grit.  Beyond  this  point  the  solid  rocks 
are  buried  underneath  the  drift  for  a  little  distance. 

From  the  evidence  supplied  by  this  section,  it  is  clear  that 
the  members  of  the  black  shale  series  are  here  arranged  in  an  anti- 
clinal fold,  the  lowest  beds  in  the  core  of  the  arch  being  the 
Hartfell  black  shales.  The  strata,  with  the  exception  of  the 
sharp  anticline  in  the  Diplograptus  acuminatus  zone  south  of 
the  Barren  Mudstones,  are  all  inclined  to  the  X.W.  Hence  it 
follows  that  the  arch  i^  an  isocline  and  the  southern  limb  is 
inverted.  The  section  further  shows  how  dark  grits  are 
associated  with  one  of  the  prominent  lower  zones  of  the  Birkhill 
group — a  feature  which  is  prevalent  in  some  of  the  folds  in  the 
ground  to  the  north-east  in  Sheet  16. 

About  700  yards  from  the  mouth  of  the  Pishnack  Burn,  at 
a  point  where  it  takes  a  sudden  bend  to  the  south-west,  it  is 
joined  by  a  small  streamlet  on  the  east  bank.  In  this  streamlet, 
just  above  an  angle  in  its  course,  about  60  yards  from  the 
Pishnack  Burn,  there  is  an  interesting  exposure  of  the  black 
shale  series  on  the  west  bank,  where  the  strata  form  a  sharp  anti-' 
cKne.  In  the  centre  of  the  arch  the  black  shales,  which  are 
associated  with  clays  and  mudstones,  contain  fossils  characteristic 
of  the  Upper  Birkhill  gi*oup,  and  to  these  succeed  black  shales 
and  clays  oelonging  to  the  Monograptus  spinigerus  zone.  The 
Rastrites  maodmus  zone  is  probably  represented  by  the  grey- 
wackes  and  shales  immediately  overlying  the  black  shale  series. 

At  the  head  of  the  Pishnack  Bum,  on  the  southern  slope  of 
the  Wee  Queensberry  Hill,  at  a  height  of  about  1300  feet  above  the 
sea,  black  shales  reappear  belonging  to  the  Birkhill  group.  In  a 
scar  on  the  eastern  slope,  about  30  yards  above  the  stream,  there 
is  an  arch  in  grey  mudstones  with  black  shale  seams  yielding 
Monogra/ptus  lobiferus.  Not  far  above  this  point  there  are 
several  exposures  of  folded  black  shales  and  clays,  in  which  were 
detected  the  following  fossils :  Cephalograptus  cometa,  Peltocaris 
apiychoides,  Monograpttis  cyphvs,  M,  triangulatus,  M,  leptotheca,  M, 
Sedgnnckif  Rastrites peregrinus,  CliTnacograptvs'jiorTnalis,  &c. 

These  black  shales  and  clays  can  be  followed  along  a  hollow 
named  the  Cat  Slack,  towards  the  south-west,  in  the  direction  of 
the  Bran  Bum,  bounded  by  crags  of  grit  on  either  side. 

Descending  the  Bran  Burn,  it  is  joined  by  a  small  stream  on 
the  east  bank  not  far  below  the  point  where  it  enters  Sheet  10. 
At  the  mouth  of  this  streamlet  another  anticline  in  the  Tarannon 
greywackes  and  shales  reveals  various  zones  of  the  Birkhill  group, 
as  is  evident  from  the  fossils  obtained  from  the  black  shales: 
Monograptus  spinigencs,  M.  tenuis,  M.  i/rianguLatus,  Diplograptus 
tama/riscus,  Climucograptvs  normalis. 

The  foregoing  sections  of  the  Moffat  series  in  the  district  of 
the  Wee  Queensberry  Hill  are  chiefly  confined  to  members  of 
the  Birkhill  group.  Only  in  the  lower  section  of  the  Pishnack 
Bum  do  we  reach  the  horizon  of  the  Hartfell  black  shales,  and 
in  no  instance  have  the  representatives  of  the  Glenkiln  group 
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been  observed.  Wbere  the  sections  ai*e  continuous,  even  though 
the  axial  folds  be  isoclinal,  it  can  be  demonstrated  that  the  lowest 
zones  occupy  the  centre  of  the  anticlines,  succeeded  by  the 
higher  zones  on  either  side. 

Crook  Burn,  Tributary  of  the  Daer  Water. — As 
the  observer  passes  northwards  to  the  tributaries  of  the  Clyde, 
he  finds  evidence  bearing  on  the  modification  of  the  repre- 
sentatives of  the  Birkhill  Shales.  For  example,  in  the  Cix)ok 
Bum,  which  rises  on  the  north  slope  of  Queensberry  Hill  and 
joins  the  Daer  Water  at  Kirkhope  shepherd's  house,  there  are 
two  exposures  of  bands  belonging  to  the  Moffat  series.  The 
more  southerly  occurs  in  a  rivulet  on  the  east  side  of  the  Crook 
valley,  one  mile  south  of  the  shepherd's  house  of  Whiteholm. 
Ascending  this  streamlet,  we  find  contorted  black  shales  which 
have  supplied  the  following  assemblage  of  fossils,  characteristic 
mainly  of  the  basal  zone  of  the  Birkhill  group : 

Diplograptus  acuminatus  (Nich.)  Manograptus  ten/uis  (Portl.) 

,,           tamariscus  (Nich.)  ,,           attenuattis  (Hopk.) 

Dtmorphograptus  dongaPus  (Lapw.)  |    Dawaonia  campanvlata  (Nicn.) 
ClimacograptuSj  sp. 

These  black  shales  are  underlain  by  Barren  Mudstones  dipping 

to  the  north-west,  but  their  relations  to  the  surrounding  strata 
are  not  visible. 

A  marked  change  supervenes  in  the  strata  as  they  are  followed 
down  the  valley  for  a  distance  of  three-quarters  of  a  mile.  In  the 
banks  of  the  stream  black  micaceous  sandy  shales  are  interleaved  in 
grey  shales,  which  alternate  with  bands  of  grit  about  six  inches 
thick,  the  whole  series  dipping  to  the  north-west.  The  following 
forms  were  collected  from  the  thin  dark  films  in  the  coarser 
sediments:  Monograptus  Sandersoni,  M,  lobiferus,  Diplograptus 
tairumsciLSf  and  Climacograptus. 

Still  further  north,  beyond  highly  folded  grits,  greywackes  and 
shales,  dark  films,  in  which  graptolites  occur  sparingly,  appear  in  a 
zone  of  slates  traceable  from  the  Caledonian  Bailway  one  mile 
south  of  Elvanfoot,  along  the  southern  base  of  the  Lowther  Hills 
to  the  Dalveen  Pass.  They  are  associated  with  greywackes  and 
occasional  grits.  In  a  slate  quarry,  by  the  side  of  the  road  leading 
to  Dalveen  Pass,  opposite  the  junction  of  the  Daer  and  Portrafl 
Waters,  specimens  of  Climacograptus  and  Diplograptus  were 
obtained.  These  beds  are  regarded  as  marking  the  northern  base 
line  of  the  Llandovery  and  Tarannon  Bocks  in  this  part  of  the 
tableland. 

BLACK  SHALE  BANDS  IN  THE  AREA  BETWEEN  NITHSDALE  AND 

THE  RIVER  CREE. 

In  the  belt  of  hilly  ground  between  Nithsdale  and  the  valley 
of  the  Ken,  the  axial  folds  revealing  representatives  of  the 
Mofiat  series  within  the  Tarannon  area  lie  mainly  along  a  belt 
of  ground  extending  from  the  valley  of  Glenessland,  in   Ihe 
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parish  of  Dunscore,  by  the  Xlrr  Water  near  Oorsock  to  the  Barend 
Bum  near  Loch  Een. 

In  the  basin  of  Glenessland  the  black  shale  series  appears  on 
three  folds  at  no  great  distance  from  each  other. 

Bogrie  and  Gastramon. — The  most  northerly  of  these 
folds  runs  along  a  line  stretching  from  the  Bogrie  Bum  north 
of  the  Bogrie  Tower  to  the  Castramon  Bum.  Beginning  with 
the  section  in  Bogrie  Bum  (Pig.  30),  we  find  a  sequence  from 
the  Hartfell  black  shales  through  the  Barren  Mudstones  to  the 
Birkhill  Shales,  the  strata  of  which  are  vertical,  or  nearly  so, 


N 


Fig.  30. — Section  in  Bogrie  Burn,  Glenessland,  Dumfriesshire. 

(Length,  600  yards.) 

311.  Lower  HartfeU  Shales.      311'-  Barren  Mudstones.      4U1*  BirkhiU  group. 
4.  Grey wacke  and  shale  (Llandovery-Tarannon). 

being  arranged  in  an  anticlinal  fold  with  the  Hartfell  Shales  in 
the  centre.  The  latter  are  well  exposed  in  the  core  of  the  arch, 
followed  by  the  Barren  Mudstones  on  either  side.  The  Hartfell 
black  shales  near  their  southern  limit,  close  to  the  Barren 
Mudstones  on  the  south  limb  of  the  fold,  contain  the  following 
forms : 


Olimacograptus  caudatus  (Lapw.) 

Diplograptua  foLiacefos  (Murch.) 
Dicranoffraptus  ramosua  (Hall.) 


DicellograptuSi  sp. 

Laaiograptus  fnargaritatus  (Lapw.) 

(hrynoide8  calycidaria  (Nich.) 


About  five  feet  from  the  foregoing  locality,  on  the  east  bank, 
fuiiher  up  stream,  abundant  specimens  of  Diplograptus 
foliaceus  were  found  crowding  the  surface  of  the  black  shale 
seam. 

On  the  opposite  or  west  bank,  four  yards  up  stream,  the  follow- 
ing forms  were  collected  from  the]^black  shales : 

Diplograptus  foliaceus  {Muich.)  Dicranograptus 'ixtmoims  (HaVL.) 

Oiyptogmptus  tricorMs  (Carr.)  i   DiceUograptus,  sp. 

Olimacograptus  bicomis  (Hall.)  Leptograptus,  sp. 

On  the  north  limb  of  the  fold  the  Hartfell  black  shales  are 
succeeded  by  the  Barren  Mudstones,  which  occupy  the  course 
of  the  stream  for  a  distance  of  16  yards,  displaying  the  tyi^ical 
characters  of  this  sub-division  in  the  Moffat  region.  These  are 
overlain  by  black  shales,  which  at  the  junction  furnish  Climaco- 
gra/ptuBy  Diplograptus  tama/riscus,  Dimorphogra/ptus  elonga/tuSy  Mono- 
graptuSf  and  are  followed  by  black  shales  of  the  D,  vesiculosus  zone 
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and  bands  yielding  if.  gregarius.     These  Lower  Birkhill  shales  are 
here  overlain  by  grey  shales  and  greywackes. 

Returning  now  to  the  south  limb  of  the  fold,  the  observer  may 
note  that  thin  layers  of  chert  with  radiolaria  are  associated  with 
the  Barren  Mudstones  in  contact  with  the  Hartfell  black  shales. 
This  association  probably  indicates  a  recurrence  of  clear-water 
conditions  similar  to  those  which  prevailed  in  Upper  Arenig  time. 
Again,  near  the  base  of  the  Barren  Mudstones,  a  thin  seam  of 
black  shales,  two  inches  thick,  occurs,  yielding  Dicranograptue, 
DiceUograptuSy  and  CUmacograptus,  From  this  outcrop  southwards 
to  the  Birkhill  Shales,  a  distance  of  36  yards,  the  space  is  occupied 
by  Barren  Mudstones  which  are  evidently  repeated  by  folding. 
Near  the  top  of  this  sub-division  a  thin  seam  of  dark  or  black  shale 
occurs,  and  close  to  the  junction  with  the  overlying  Birkhill  group  an 
intrusive  dyke  makes  its  appearance.  From  the  Birkhill  Sbsdes 
on  the  south  limb  of  the  arch  the  following  forms  were  collected : 


Diplograptus  confertus  (Nich.) 
,,  foesiculoaus  (Nich.) 

„  tamarUcus  (Nich.) 

Climacograptui  normalis  (Lapw.) 
,,  innotatus  (Nich.) 


Monoffraptus  tenuis  (Porti^ 

(xttenuatits  ^Hopk.) 
leptotheca  HJapw.) 
gregarius  (Lapw.) 


n 


)i 


These  strata  are  succeeded  by  greywackes  and  shales,  which,  at 
the  sharp  bend  in  the  stream  to  the  south-west,  contain  a  fold  of 
black  shales  yielding  Diplograptus  tamariseus  and  Climaeo- 
grapttu  normalis. 

About  100  yards  south-west  from  the  junction  of  the 
Castramon  Bum  with  the  Shillingland  Bum,  and  on  the  south- 
east side  of  the  stream,  a  heathery  knoll  of  black  shales 
about  15  yards  long  shows  the  junction  of  the  Hartfell  black 
shales  with  the  Barren  Mudstones.  The  latter  occur  on  the 
south-east  side  of  the  knoll,  and  by  stripping  off  the  heathery 
covering  the  junction  line  can  be  laid  bare  at  the  north-east 
comer.  From  the  band  of  black  shales  in  contact  with  the 
Barren  Mudstones,  Pleurograpius  linea/ris  was  collected.  The 
following  forms  were  obtained  from  this  exposure : 


PieurograptMs  lintaris  (Cair.) 
Diplograptus  otiodrtmucrona^iM  (Hall.) 

,,  foUcKeus  (Murch.) 

LeptograptuB  capiUaris  (Carr.) 

,,  fliaccidMs  (Hall.) 


Glimacograptusy  sp. 
Dicra/MKfraptuSy  sp. 
Dicellograptus  Forckhammeri  (Geinitz. ) 


>i 


sp. 


The  Hai-tfell  black  shales  seem  to  form  the  core  of  the  arch, 
for  as  we  proceed  south-westwards  the  Barren  Mudstones  appear 
on  the  north  limb  near  the  Castramon  Bum  with  a  north-west 
dip. 

Mark  Cleuc h. — About  a  third  of  a  mile  to  the  south  of  the 
axial  fold  just  referred  to,  the  Moffat  Shales  reappear  in  the  Mark 
Cleuch,  one  of  the  tributaries  of  the  Glenessland  Bum,  which 
rises  on  the  north  slope  of  the  Craigdasher  Hill.  At  the  south 
limit  of  the  alluvium,  and  about  200  yards  from  the  foot  of  the 


158  The  Silurian  Bocks  of  Scotland, 

bum,  sandy  shales  and  grevwackes  occur  on  the  east  bank,  to 
which  succeed  blue-grey  shales  dipping  up  stream  at  about  70*. 
In  the  bands  about  two  feet  from  the  grevwackes  the  following 
forms  were  collected  in  splendid  preservation : 

Monograptus  gregarius  (Lapw.)  Diplograptus  tamariscus  (Kich.) 


»» 

>> 


triangiUaiiLs  (Sark,)  ,,  confertua  (aich,) 

Sedgwicki  (Portl.)  Fetalograptus  palmceua  (Barr.) 

Huingeri  (Carr.)  Radrttes  peregriivas  (Bair.) 

Idbiferua  (M*Coy.)  Cliinacograptus  rMwrnoZw  (Lapw.) 

attemiatiLs  (Hopk.)  Discinocaris  hrotvniama  (Woodw.) 
tenuis  (Portl.)        '          .   Dawsonia  cumpan'ulat<i  (Nich.) 
Sandersoni  (Lapw.) 


The  foregoing  assemblage  would  seem  to  indicate  that  the 
highest  visible  zone  at  this  locality  is  that  of  Monograptus 
gregarius.  The  beds  at  this  exposure  consist  of  alternations  of 
grey  clays  and  black  shales,  resembling  the  normal  types  of  this 
zone  in  the  Moffat  region. 

Following  the  stream  upwards,  we  find  on  the  lefb  bank,  beyond 
the  stone  fence,  blue  shales  and  greywackes  with  black  shales, 
the  latter  yielding  fragments  of  graptolites.  A  few  yards 
further  up  on  the  east  bank,  alternations  of  black  shales  and  grey 
clays  are  exposed  with  blue  shales.  These  contain  the  fossils  of 
the  if.  gregarius  zone,  and  are  succeeded  by  the  shales  of  the 
D.  vesicuhsus  zone,  visible  on  the  right  bank  up  stream,  from  which 
the  following  species  have  ^een  obtained : 

Diplograptvs  veaiculomis  (Nich.)  j   Monograptus  oMenuatus  (Hopk.) 

,,  confertus  (Nich.)  ,,  tenuis  (Portl.) 

Climacograptus  normalis  (Lapw.)  ,,  leptotheca  (Lapw.) 

Monogrctptus  gregarius  (Lapw.) 

South-westwards,  on  the  right  bank,  an  arch  of  the  Barren 
Mudstones  appears,  overlain  by  the  Birkhill  black  shales.  The 
beds  of  the  JD.  vesiculosvs  zone,  visible  on  the  top  of  the  cliff,  have 
here  been  slightly  hardened  by  various  intrusive  dykes. 

The  most  southerly  exposure  in  the  bed  of  the  stream  yields 
an  assemblage  of  graptolites  characteristic  of  the  Monograptus 
gregarius  zone : 

Monograptus  gregarius  (Lapw.)  !  Monograptus  tenuis  (Portl.) 

lobiferus  (M  *Coy . )  i  Climacograptus  normalis  (LEipw. ) 

leptotheca  (I^pw.)  Diplograptus  tamariscus  ^ich.) 

aUenuatus  (aopk.y  ,  Dawsonia  camipamdata  (^ich.) 

From  the  foregoing  description  it  is  apparent  that  the  members 
of  the  Moffat  series  are  here  arranged  in  an  axial  fold,  the 
centre  being  occupied  by  the  Barren  Mudstones,  succeeded  by 
the  Lower  Birkhill  Shales  on  both  sides  of  the  fold. 

Nether  Whiteside. — About  half  a  mile  to  the  south- 
east of  the  line  of  strike  of  the  foregoing  band,  the  Moffat  Shales 
reappear  along  another  anticlinal  arcn,  the  exposures  being 
restricted  to  two  localities— one  to  the  east  of  Nether  Whiteside 
Farmhouse,  and  the  other  on  the  same  strike  on  Whiteside 
Moor. 
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About  450  yards  to  the  east  of  Nether  Whiteside  Farmhouse 
an  isolated  exposure  lies  at  the  northern  base  of  the  slope  of 
Nethertown  Moor.  Here  the  radiolariaii  cherts  appear  asso- 
ciated with  black  shales  yielding  Bidymograptua  superstes,  CUmaco- 
graptus  biconiis,  Biplograpius  folinceus,  &c.  By  means  of  frag- 
ments in  the  soil  the  black  shales  can  be  traced  across  the  Nether 
Whiteside  Moor  to  a  point  about  a  quarter  of  a  mile  S.S.E.  of 
Upper  Whiteside,  whei'e  alternations  of  black  shales  and  grey 
clays  appear,  yielding  the  following  forms : 


Monograptua  gregariu8  (Lapw.) 
tervuis  (Portl.) 
leptotheca  (Lapw.) 
triangitlatus  (Hark.) 


Diplograptua  tamari9cu8  (Nich.) 

, ,  confertus  (iN  ich. ) 

Rastrites  peregrinus  (Barr. ) 
Daw9onia  campanvlata  (Nich.) 


Water  of  Ur  r. — ^As  the  observer  passes  towards  the  south- 
west from  Glenessland,  he  encounters  in  the  Water  of  TJrr,  from 
Nether  Glaisters  to  near  Crogo  Tower,  a  series  of  folds  that 
reveal  the  members  of  the  Moffat  series.  Beginning  with  the 
section  of  the  southmost  axial  fold,  displayed  on  the  west  bank  of 
the  stream,  about  800  yards  north-west  of  Crogo  Tower,  he  finds 
the  representatives  of  the  Moffat  series  arranged  in  the  form  of  an 
arch  with  the  Barren  Mudstones  in  the  centre.  On  the  south 
limb  of  the  fold,  where  a  footbridge  crosses  the  stream,  the  Lower 
Birkhill  Shales  succeed  and  afford  the  following  forms : 

Diplograptua  (icuminatus  (Nich.)  I   Dimorphograptus  dongatus  (Lapw.) 

vesiciiUmu  (Nich.)  ,,               Swanstoni  (li^pw.) 

tamariscus  (Nich.)  Monograptus  attenuatua  (Hopk.) 

confertua  (Ssich,)  ,,            Sandcrsont  (Lapw.) 


»» 
>» 
»» 


On  the  north  limb  of  the  fold,  at  the  northern  limit  of  the 
shales,  the  following  fossils  were  collected: 

Monograptua  gregariua  (Lapw.)  '.   Dimorphograptua  dongatua  (Lapw.) 

„  Sanderaoni  (Lapw.)  |    Climacograptua  normcdia  (Lapw.) 

IXmorphograpttia  Swanston%(Jjapw,)    I   Diplogr(iptua  confertua  (Nich.) 

About  300  yards  further  north,  near  a  cottage  by  the  side  of  the 
Urr,  an  isolated  exposure  of  the  black  shales  yielded  specimens  of 
Dimorphograptus  Swanstoniy  Climacograiotus  normulis,  &c. 

When  the  stream  is  ascended  to  a  point  near  the  old  mill  of 
Crogo — about  100  yards  south  of  the  mill,  now  in  ruins — a  fine 
exposure  of  the  Moffat  series,  with  the  Barren  Mudstones  in  the 
centre,  is  met  with,  followed  on  the  north  side  by  the  Lower 
Birkhill  Shales.  Here  the  JD.  vesicvlosus  zone  is  well  seen,  fine 
specimens  of  that  zonal  form  being  obtainable,  together  with 
Dimorpliograptus  Swanstoni,  D.  elongaiuSy  Monograpttis  tenuis, 
Climacograptus  normalis. 

Along  the  strike  of  this  outcrop,  in  knolls  among  the  fields  to 
the  north  of  the  farmhouse  of  Upper  Bar,  numerous  exposures  may 
be  noticed  of  the  Barren  Mudstones  and  Birkhill  Shales,  and  in 
one  or  two  instances  of  the  Hartfell  Black  Shales. 

When  the  Urr  is  followed  northwards  for  about  a  third  of  a  mile 
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to  a  bend  where  a  streamlet  from  Knockleam  Farm  joins  the  river 
from  the  west,  the  Mofiat  Shales  are  seen  to  reappear. 

Here  a  small  exposure  of  Barren  Mudstones  is  followed  by 
black  shales,  which,  visible  at  the  edge  of  the  river,  contain 
Climoboogrwptua  normalis,  Ikplograptits  tamariscus,  Diplograptus 
a4mimnatus{?)y  and  sicvlae  of  graptolites. 

About  six  yards  down  stream  on  the  same  bank  the  following 
forms  were  obtained  from  a  black  shale  band :  Diplograptus  foliar- 
ceuSy  Climacograptus  biconiiSf  Climacographis  with  three  spikes, 
Betiolites  (Neurograptus)  fibratus,  Diplograptus  quadrimu^cronatuSy 
Skiid  Leptograptv^flaccidus,  Here  were  found  in  profusion,  in  the 
black  shales,  arms  of  DiceUograptus  and  Diplograptus  sociaiis  (?) 
(Lapw.)  The  foregoing  assemblage  of  fossils  undoubtedly  belongs 
to  the  Hartfell  group. 

Crossing  the  river  and  proceeding  northwards  along  the  east 
bank,  we  meet  with  a  fine  development  of  the  Ban*en  Mudstones 
and  Birkhill  Shales,  the  former  occupying  the  core  of  the  arch. 
On  the  south  limb  of  the  fold  the  Lower  Birkhill  Shales  dip 
towards  the  north-west  at  high  angles  and  have  furnished  the 
following  assemblage  of  graptolites : 

Diplograptus  aewminatus  (Nich.)  Olimacooraptiui  normaiis  (Lapw.) 

,,            vedcuhaua  (pich.)  i>tfnor^Aogfniph(4i9ioan<^i?Lapw.) 

,,            tamariacus  CSich.)  i                 ,,               elongatus  (La,pw.) 

MonograptuA  ait^nuatus  (Hopk.) 

This  locality  is  of  special  interest  because  it  furnishes  beautiful 
specimens  of  Dimorphograptus  Swanstoni,  The  fine  specimen 
in  the  Geological  Survey  Collection  was  here  obtained. 

On  the  north  side  of  the  arch  the  Birkhill  Shales  are  again 
met  with,  having  a  general  north-west  dip. 

The  most  northerly  exposure  of  the  Mofi'at  Shales  occurs  at  a 
bend  on  the  west  bank  of  the  Urr,  due  west  of  Nether  Glaisters, 
whore  the  relations  of  these  strata  to  other  rocks  are  not  visible. 
Here  they  enclose : 

DimorphograpiAAS  Swanstoni  (Lapw.)    ■   Diplograptys  confertus  (Nich.) 

,,  group  of  above.  ,   Mor^graptus  SavyderaomiJjA'pw,) 

C^ttiiacogrmpttw  normals  (Lapw.)  ,,  gregarius  (Xai^^,) 

About  half  a  mile  to  the  east  of  the  river  Urr  at  Crogo  Tower, 
in  the  Auchenhay  Bum,  which  joins  the  Knarie  Burn,  a  tributary 
of  the  Urr,  a  small  outcrop  of  the  Birkhill  Shales  occurs  in  a  wood 
about  a  quarter  of  a  mile  to  the  north  of  its  junction  with  the 
Knarie  Bum  and  below  Foi'dhouse.  The  species  in  the  following 
list  were  collected  from  this  locality  : 

Monograptu^  Hisingeri  (Carr.)  Diplograptus  tamariscus  (Nich.) 
cyphus  (Lapw.)  „  confertus  (Lapw.) 

i^tof/ieca  (Lapw.)  ,,  ocumtno^tM  (?)  (Nich.) 

teniiM  (Portl.)  Peiolograptus  palmceus  (BioT,) 

lobiferus  (M  *Coy . )  Dimorphograptus  Swanstoni  (Lapw. ) 


»i 
i» 


Sedgtvicki  (?)  (Portl.)        i    Climacograptus  normalis  (Lapw.) 
aitenuatus  (Hopk.)  Dawsonia  campanvlata  (Nicn.) 

gregarius  (Lapw.) 
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Crogo  Burn,  Auchenvey. — On  the  west  side  of  the 
Urr  an  important  tributary  of  that  stream,  named  the  Crogo  Bum, 
about  two  miles  north-west  of  Corsoek,  shows  a  section  of  the 
Birkhill  group.  Here,  at  a  point  a  few  yards  east  of  where  the 
stream  is  crossed  by  the  road  from  Corsoek  to  New  Galloway,  the 
shales  yield  Bijiograptus  cxmfertus^  Clirtiacograptus  normdlis, 
IHplograptus  vesictdosus,  Monoejraptxis  gregariiis,  M.  tenuis,  M, 
attentiatus. 

Towards  the  north-east  this  axial  fold  is  traceable  at  intervals 
for  nearly  a  mile  by  means  of  isolated  exposures ;  towards  the 
south-west  it  can  be  followed  for  about  half  a  mile  along  the 
east  border  of  the  Auchenvev  Plantation,  the  Barren  Mudstones 
appearing  not  far  to  the  south-west  of  the  New  Galloway  Road. 

Barend  and  Auchenvev. — Between  the  vallev  of  the 
Urr  and  Loch  Ken  the  Moffat  Shales  reappea,r  on  an  axial  fold 
which  extends  along  part  of  the  course  of  the  Barend  Bum  to  the 
Auchenvey  Hill,  a  distance  of  upwards  of  three  miles.  Like  the 
bands  previously  described,  the  members  of  the  Moffat  series 
are  arranged  in  the  form  of  an  arch  or  a  series  of  compound 
folds,  usually  inverted  and  broken  by  faults.  At  one  or  two 
points  in  the  course  of  this  band  the  Hartfell  Shales  appear; 
there  is  also  a  fine  development  of  the  Bairen  Mudstones  and 
the  overlying  Lower  Birkhill  Shales. 

The  best  section  in  the  course  of  the  Barend  Bum,  showing 
the  sequence  from  the  Barren  Mudstones  through  the  Birkhill 
group  to  the  overlying  gneywackes  and  shales,  is  to  be 
found  at  a  point  half  a  mile  to  the  north-east  of  the  Barend 
Farmhouse.  Here  the  stream,  for  a  distance  of  nearly  300 
yards,  runs  in  a  south-easterlv  direction  at  right  angles  to  its 
jioimal  course.  For  part  of  this  distance  it  flows  through  a 
rocky  gorge,  displaying  a  fine  section  of  several  members  of  the 
Moffat  series.  Where  the  stream  issues  from  the  ravine 
the  Barren  Mudstones  appear,  having  at  one  point  a  south-east 
dip.  Ascending  the  gorge  we  find  the  Birkhill  Shales  in  normal 
sequence  on  the  north  limb  of  the  arch,  the  D,  vesiadosus  zone 
being  at  once  recognised  by  its  flaggy  character,  as  in  the  Moffat 
region.     At  the  waterfall  the  following  species  were  collected : 


Dipiograptus  ipesiculosus  abundant. 
tamariscus  (Nich.) 
confertus  (Nich.) 
acuminatum  (Nich.) 

Dimorphograptus  elangaius  (Lapw.) 


»i 


»» 


»» 


Dimorphograptus  Swanstoni  (Lapw.) 
Monograptus  terviiis  (Portl.) 

, ,  attenuatum  (Hopk . ) 

Cltmac4>graptus  normalis  (Lapw.) 


To  these  strata  succeed  alternations  of  black  shales  and  grey 
clays ;  from  the  former  were  obtained  fine  specimens  of  Rastrites 
peregrimcs,  together  with  Monograptus  gregarius  and  Climacoqraptus 
normalis.  These  shales  pass  upwards  into  sandy  shales  and  grey- 
wackes.  On  the  north  limb  of  the  fold  it  is  evident  that  there  is 
a  continuous  sequence  from  the  Barren  Mudstones  to  the  grey- 
wackes  and  shales  overlying  the  Birkhill  Shales. 
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At  the  mouth  of  the  gorge  the  section  is  obscured  for  a  short 
distance,  but  at  the  point  where  the  Barend  Bum  resumes  its 
normal  south-west  course  the  black  shales  occur.  To  the  south 
of  the  line  of  strike  of  the  foregoing  arch  isolated  exposures  of  the 
Barren  Mudstones  and  the  Birkhill  Black  Shales  appear  in  the 
course  of  the  stream,  and  in  the  fields  towards  the  &rmhouse  of 
Barend.  Further  to  the  south-west,  below  the  farmhouse,  the 
cherts  appear  on  the  south-east  bank  of  the  bum  associated  with 
black  shales,  but  they  are  so  much  bleached  that  it  is  di£5cult  to 
determine  their  horizon  from  the  fragments  of  graptolites  obtain- 
able from  the  shales. 

To  the  north-east  of  the  fine  section  in  the  gorge  of  the  Barend 
Bum,  above  described,  the  Moffat  series  can  be  traced  for  about 
IJ  miles  to  the  watershed  between  the  Barend  and  Auchenvey 
Burns,  forming  compound  folds  which  reveal  the  Barren  Mud- 
stones  and  Birkhill  Shales,  and  in  some  instances  the  Hartfell 
8hale8. 

Still  further  to  the  north-east,  the  Auchenvey  Bum  presents  an 
interesting,  though  not  continuous,  section  of  the  Birkhill  and 
Hartfell  Black  Shales.  At  the  ford,  where  a  hill  path  crosses  the 
stream,  an  exposure  of  Hartfell  Shales  has  yielded  Retiolites 
(Neurographis)  fhratus,  Dicellograptus  ForchluimmeHy  D.  Morrisiy 
D,  elegans,  Leptograptus  flcvccidus,  ClimncograpttiSy  DiphgrapUis 
foliaceus, 

Down  stream  towards  the  south-east  there  is  a  blank  in  the 
section,  but  towards  the  north-east,  along  the  strike  of  the  beds, 
the  Barren  Mudstones  appear  at  no  errecit  distance  from  the  burn. 
On  the  south-east  limb  of  the  fold  the  Birkhill  Shales  are  visible 
on  the  east  bank,  where  they  are  brought  into  contact  with  the 
greywackes  by  means  of  a  fault.  On  the  north-west  side  of  the 
arcn  the  Birknill  Shales  reappear  and  yield  the  following  forms : 
Monograptus  (jregarius,  M.  tenuis,  Diplograptics  vesicnlosus,  CHmaco- 
graptus  normalis,  and  siculce  of  graptolites. 

To  the  north-east,  on  the  Auchenvey  Hill,  the  prolongations 
of  the  band  above  described  reappear.  At  one  point  on  the  hill- 
top blocks  of  radiolarian  chert  can  be  traced  along  the  line  of  strike, 
evidently  indicating  that  the  chert  zone  is  there  in  situ.  To  the 
north  and  south  of  this  band  the  MofiPat  series  comes  to  the 
surface  along  several  folds,  representing  the  Hartfell  Shales, 
Barren  Mudstones,  and  Birkhill  group. 

We  must  now  refer  to  certain  exposures  of  the  Moffat  series 
where  the  strata  ha^^ng  either  not  jnelded  graptolites  at  all 
or  only  indeterminable  fragments,  their  horizon  cannot  be 
definitely  determined  by  pateontological  evidence.  But  as  they 
occur  within  the  area  of  the  Tarannon  Rocks  they  may  with 
probability  be  referred,  in  part  at  least,  to  the  Birkhill  group. 
One  of  these  exposures  occurs  by  the  side  of  the  road  near  Barlay, 
about  2^  miles  E.S.E.  of  Balmaclellan.  Others  may  be  seen  on  the 
Benan  Hill  within  the  contact  zone  of  the  Xew  GaUoway  mass 
of   granite.      Others,   likewise   within   the  contact  zone,  in   the 
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Knocknairlmg  Bum  and  on  the  Knocknairling  Hill,  are  traceable 
to  the  granite  junction. 

Glen  Burn  and  Skeoch. — ^In  the  south-east  part  of 
Sheet  9  of  the  Geological  Survey  Map  an  important  band  of  the 
Moffat  series  appears  in  the  Scar  Bum,  near  Skeoch  Farmhouse, 
and  can  be  traced  still  farther  to  the  south-west  along  the  course 
of  the  Glen  Bum  for  upwards  of  a  mile. 

In  the  Scar  Bum,  about  a  quarter  of  a  mile  west  of  Skeoch 
Farmhouse  and  about  half  a  mile  up  stream  fnmi  the  point 
where  it  joins  the  Old  Water,  the  black  shales  crop  out.  Further 
down  the  stream  brown  flags  and  shales,  with  occasional  grey- 
wackes,  dip  towards  the  north-west  at  high  angles.  These  are 
underlain  by  blue,  grey,  and  black  shales  alternating  with  grey 
clays,  which  have  yielded  Climacofjraj^us  normalise  Monograptus 
gregariuB,  M.  Sanderscyin,  M.  leptothsca,  M.  tenuis,  Dimorpliograptus 
Swanstoni,  Dawscmia  campanula ta.  A  few  yards  down  stream  on 
the  east  bank  flaggy  black  shales  occur  of  the  B.  t^esiculosv^  zone, 
which  yielded  D.  vesiculosus,  THmorphograptu^  eh/rujatus,  Mono- 
ffravtus  ienuiSj  Diplofjraptvs  iamariscus. 

These  strata  are  followed  still  further  down  stream  by  the 
Barren  Mudstones,  when  a  blank  occurs  in  the  section,  the 
strata  next  met  with  being  grey  flags  and  shales. 

Glen  Burn. — Ascending  this  stream  to  a  point  about  500 
yards  west  from  Glen  Bum  (Fi^.  31),  black  shales  are  found  in 
the  channel  of  the  bum  and  on  the  north-west  bank,  from  which 
the  foUowincr  assemblage  of  fossils  has  been  collected  :  Leptocfraphts 
capUlaris,  Pleurograptu^  linearis,  CJiTnacocjra/ptus,  DiceUoqraptus, 
Diplograptus  foliaeeus,  &c.  South  of  this  exposure  a  fine  develop- 
ment of  Barren  Mudstones  occupies  the  bum  section  for  a 
distance  of  about  100  yards,  followed  by  black  shales,  probably  on 
the  horizon  of  the  Lower  Birkhill  division,  though  no  fossils  were 
obtained  to  prove  their  position.  Still  further  west  the  Barren 
Mudstones  reappear,  and  are  succeeded  on  the  south  limb  of 
the  fold  by  the  Lower  Birkhill  Shales,  yielding  Biploqraptus 
acumtTiatiis,  D,  vesiculosus ,  JDiTnorphograptus  ehngatus,  Glimaco- 
qraptu^  normalis,  &c.  Thereafter  the  stream  traverses  the  over- 
lying greywackes  and  shales  for  several  hundred  yards  as  far  as 
the  margin  of  the  Glen  Plantation,  but  the  arch  in  the  Moffat 
series  can  be  traced  along  the  northern  bank.  In  the  plantation, 
the  observer  can  trace  the  arch  in  the  Moffat  series  for  a  distance 
of  about  700  vards.  As  the  course  of  the  stream  is  more  westerly, 
he  soon  reaches  the  Birkhill  Shales  exposed  on  the  south  limb  of 
the  fold,  where  they  fiimish  specimens  of  Dimorphograptus,  Diplo- 
graptus  vesiculosus,  J),  tamariscais,  Clima4:oqraptus  normalis,  Mono- 
graptus tenuis,  M.  attenuaius.  For  some  distance  up  stream  the 
centre  of  the  fold  is  occupied  by  the  Barren  Mudstones,  while 
the  overlying  Birkhill  Shales  are  exposed  on  both  limbs  at  occasional 
benda  in  the  stream-course.  At  a  point  in  the  wood  S.S.E.  of  Glen 
Farmhouse,  and  about  200  yards  east  from  the  west  margin  of  the 
wood,  black  shales  appear  on  the  south-east  bank  associcited  with 
radiolarian  cherts  and  ashy  mudstones.     From  the  following  list  of 
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fossils  obtained  from  this  locality  it  is  evident  that  the   strata 
represent  the  Glenkiln  Shales : 


Thamnograptus,  sp. 
CkxnograpUis  pertenuis  (Lapw.) 
Leptograptus  flaccidus  (Hall.) 
Climacograptus  &ico?7it5  (Hall.) 

,,  SchdLrenbergi  (Lapw.) 

Oryptograptus  tricomis  (Garr.) 
Dicranograptus  formoaus  (Hopk.) 


DiceUograpttia  sextcuM  (Hall.) 

,,  moffatensis  (Carr.) 

,,  patulotfos  (Lapw.) 

Climacograptus  peltifer  (Lapw.^ 
DiplograpttLs  foliaceus  (Murch.) 
Siphonotreta  micula  (M*Coy.) 


4"!  an'  -•- 


C     2^   3" 


Fio.  31. — Section  across  Glen  Bum,  near  Glen  Farm,  north-east  of 

Kirkcudbrightshire. 

C.  Radiolarian  chert.  21-  Glenkiln  Shales.  311.  Lower  Hartfell  Shales. 
311'.  Barren  Mudstones.  4111.  Birkhill  Shales.  4.  Greywacke  and  shale 
(Llandovery-Tarannon).     f.  Fault. 

For  a  short  distance  westwards  the  radiolarian  cherts  and 
ashy  mudstones  appear  at  intervals.  Leaving  the  plantation 
ana  crossing  the  alluvial  flat  S.S.W.  of  Glen  Farmhouse,  the 
observer  will  notice  another  exposure  of  the  Arenig  cherts 
and  spotted  ashy  mudstones  or  tuffs  resembling  those  south 
of  Trowdale  Wood  in  the  valley  of  the  Urr.  Further  to  the  south- 
west, in  the  direction  of  Lar^hill  Bridge,  the  Arenig  cherts  and 
ashy  mudstones  can  be  traced  on  the  rising  ground  south  of  the 
road,  and  the  black  shales  associated  with  them  are  visible  in 
a  quarry  at  the  road-side.  Near  Larghill  Bridge,  in  a  little 
tributary  of  the  Brooklands  Burn,  south  of  the  road,  black  shales 
appear  on  both  sides  of  an  arch  of  Arenig  cherts  and  volcanic 
tuffs  about  100  yards  broad.  The  black  shales  are  much 
cnished,  but  those  on  the  north  side  of  the  anticline  have  yielded 
Climacograptus  cavdaius^  Dicellograpttis  moffatensis,  D,  JlexuosuSj 
Diphgraptiis  foliaceag — forms  which  evidently  indicate  a  Hartfell 
horizon.  The  Arenig  cherts  are  visible  west  of  Larghill  Bridge, 
but  the  strata  are  buried  in  this  direction  under  a  covering  of  drift 
and  peat. 

Trowdale,  Crossmichael,  and  Lawrieston.  — 
Along  a  line  extending  from  Tottlehams  Bum  and  Trowdale 
Glen  by  Crossmichael  to  Lawrieston,  exposures  of  the  Moffat  series 
may  be  observed  (Sheet  5  of  Survey  Map).  Though  nearly  in  the 
same  line  of  strike,  these  outcrops  occur  on  separate  folds.  The 
most  important  of  them  are  those  of  Trowdale  Glen,  Tottlehams 
Bum,  and  adjoining  fields,  in  the  valley  of  the  Urr,  about  four 
miles  north  of  Castle-Douglas,  which  will  be  first  described. 

On  the  west  bank  of  the  XJrr,  in  the  fields  immediately  to  the 
south  of  Trowdale  Glen,  the  lowest  beds  are  exposed.     These 
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consist  of  radiolaiian  cherts,  mudstones,  and  sIialeB,  associated 
with  hue  felsitic  tuh'.  Ihey  are  inclined  to  the  north- 
west'at  high  angles,  and  plunge  underneath  the  band  of 
Gienkiln-Hartfell  black  shales  exposed  in  the  Trowdale  Glen. 
Ihere  is  one  peculiar  band  of  shales,  which  breaks  under  the 
hammer  into  pencil-shaped  fragments,  exposed  in  a  small  hollow 
about  120  yards  to  the  south  of  Trowdale  Glen  in  the  midst  of 
ashy  mudstones  and  cherts.  It  is  highly  probable  that  this  band 
and  others  associated  with  it  may  yield  Arenig  graptolites, 
though  a  careful  search  has  hitherto  failed  to  bring  them  to  light. 
The  volcanic  tuff  is  well  seen  in  knolls  close  to  Trowdale  Wood, 
and  it  likewise  forms  a  prominent  feature  in  the  wood  to  the 
south  of  the  Glenkiln  black  shales.  The  lithological  character 
of  this  rock  is  interesting.  The  common  variety  is  a  dull 
pinkish-grey  rock,  which  on  weathered  surfaces  has  a  yellowish 
tint.  It  has  a  curious  speckled  appearance  owing  to  the  presence 
of  pink  or  yellow  spots  in  a  grey  matrix.  Sometimes  the  rock 
is  compact,  has  a  uniform  colour,  and  breaks  with  a  conchoidal 
fracture. 

The  intercalation  of  some  of  tuese  felsitic  tuffs  between  the 
Glenkiln  black  shales  and  the  radiolaiian  cherts  seems  to 
indicate  the  continuance  of  volcanic  conditions  in  that  area  in 
Llandeilo  time.  Abundant  evidence  has  been  obtained  of  similar 
phenomena  during  the  re-examination  of  the  volcanic  area  south 
of  Ballantrae. 

In  the  section  in  Trowdale  Glen  (Fig.  32),  the  Glenkiln  black 
shales  occur  near  the  entrance,  and  may  be  followed  along  the 
south  bank  for  a  short  distance  up  stream.  They  consist  of  black 
flinty  ribs,  with  black  shale  partings,  passing  upwards  into  the 
Hartfell  black  shales,  which  are  in  turn  overlain  by  the  Barren 
Mudstones,  forming  the  north  cliff  in  the  lower  part  of  the  glen. 
The  black  shales  in  the  ravine  have  yielded  the  following  fossils  : 


Didymograptus  superstes  (Lapw.) 

Coenograptus  gracilis  (Hall.) 
,,  nitidulus  (Lapw.^ 

,,  pertenuis  (Ltfipw.) 

Diplo^raptus  Whitfieldi  (Hall.) 
,,  foliaceus  (Murch.) 

GlcUhrograptys  cuneifarmis  (Lapw.) 


Gryptograptus  tricomis  (Carr.) 
Glimacograptus  ccelatus  var.  antiq^ius 

(Lapw.) 

,,  bicomis  (Hall.) 

Dicellograptus  pattUosus  (Lapw.) 

n  fnoffatensis  (Carr.) 


The  Birkhill  Shales  are  not  visible  in  the  Trowdale  Glen  to 
the  north  of  the  Barren  Mudstones,  but  a  small  exposure  of  them 
is  seen  on  a  footpath  about  half  a  mile  east  of  Balgerran  Farm- 
house, in  the  strike  of  the  Trowdale  band,  which  has  yielded 
fragments  of  DvinorphograpUis. 

From  the  foregoing  description  it  is  apparent  that  the  strata 
in  the  neighbourhood  of  Trowdale  form  the  northern  Kmb  of  a 
fold,  the  lowest  beds  being  the  radiolarian  cherts  and  volcanic 
tuffs,  and  the  highest,  some  member  of  the  Birkhill  black  shales. 
Southwards  towards  the  Mountskip  Plantation,  however,  the 
relations  of  the  strata  are  disturbed  by  faidts.     The  southern 
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limb  of  the  fold  cannot  be  traced.  Greywackes  of  Tarannon 
age  rapidly  follow  the  cherts  in  the  field  to  the  south  of  Trowdal« 
Glen,  and  are  also  visible  in  a  burn  in  the  Mountskip  Wood. 
It  is  clear  that  a  fault  roust  intervene  to  bring  these  different 
zones  in  contact  with  each  other.  Again,  in  tibe  bum  in  this 
plantation,  about  200  yards  west  from  the  Gastle-Douglas  Road, 
a  small  exposure  of  black  shales  has  supplied  the  following  Glen- 
kiln  forms : 


Dicellograptus  inoffatensi-a  (Carr.) 
,,  patidoims  (Lapw.) 

,,  divaricatus  (Hall.) 


Didi/inograptus  *u/>er«^es  (Lapw. ) 
Lasioffraptus  biinM<ronat\M  (Nich.) 
Oryptograptus  tricornis  (Carr.) 

The  relations  of  these  shales  to  the  surrounding  ix)cks  are  not 
visible.  Above  the  forkings  of  this  bum,  in  the  south  branch, 
the  BaiTcn  Mudstones  are  met  with ;  but  this  exposure  is  also 
isolated.  The  nearest  visible  rocks  consist  of  Tarannon  grey- 
wackes and  shales,  the  horizon  of  which  is  clearly  defined  by 
certain  fossils  found  in  a  small  quarry  on  the  north  side  of 
Mountskip  Plantation,  and  about  500  yards  south  of  Trowdale 
Glen.     Here  a  dark  band  yielded  the  following  forms : 


Aptychopsis  minus  (Ban*. ) 
Petidograptus  palmaus  (Barr.) 
Monograptus  extguus  (Nich.) 


Monograptus  tunriculat'u-s  (Barr.) 
,,  tenuis  (Portl.) 

, ,  aUenua  tus  (Hopk. ) 


The  presence  of  Mono^rajjius  exiguus  and  some  of  its  associates 
indicates  a  higher  horizon  than  the  Rastrites  maximus  band  at 
the  top  of  the  Birkhill  group. 

Tottlehams  Bur n. — In  the  extension  of  this  band  in  a 
north-east  direction,  the  radiolarian  cherts  and  mudstones  are  not 
visible  in  the  Urr,  owing  to  the  alluvial  covering  (Sheet  5  of 
Survey   Map).      But   at  the   mouth  of  the  Tottlehams  Bum   a 


Flo.  33. — Section  across  Tottlehams  Bum,  above  bend  near  Corsehill,  Water 

of  Urr.     (Length,  one-third  of  a  mile.) 

Tb.  Volcanic  tuflf.  C.  Bjidiolarian  chert.  21.  Glenkiln  Shales.  311.  Lower 
Hartfell  Shales.  311'.  Barren  Mudstones.  4111.  Birkhill  Shales.  4.  Grey- 
wacke  and  shale  (Llandovery-Tarannon).  f .  Fault,  -^v-  Boulder  clay. 
•^^  Recent  aUuvium.  • 

fine  exposure  of  the  Barren  Mudstones  may  be  seen  in  the  river. 
A  few  yards  below  the  junction  of  this  stream  with  the  Urr, 
a  band  of  black  shales,  yielding  Glimacograptus  Schdrenbergi, 
DicranograptuSf  &c.,  occurs  in  the  mudstones,  possibly  repre- 
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seating  a  part  of  the  Hartfell  black  shales  iu  au  isoclinal  fold. 
There  the  strata  dip  in  a  uniform  direction  towards  the  north- 
west at  high  angles. 

In  the  Tottlehams  Burn  the  Barren  Mudstones  present  the 
characteristic  features  of  the  zone.  They  contain  nodules  composed 
of  oxides  of  iron  and  manganese,  the  latter  ore  predominating.  From 
an  examination  of  one  of  the  cores  of  these  nodules  by  Mr.  Teall,  it 
appears  that  it  is  a  carbonate  of  manganese  and  iron.  It  is  traveraed 
by  a  vein,  black  in  -the  middle,  brown  at  the  margins,  fading  off 
^*adually  into  the  surrounding  rock.  There  are  also  peculiar 
structures,  probably  organic,  in  this  rock.  From  these  data  he 
infers  that  the  rock  was  originally  a  limestone,  that  it  was 
subsequently  changed  to  a  carbonate  of  manganese  and  iron, 
and  finally  that  the  carbonate  was  decomposed  under  oxidising 
conditions  so  as  to  give  rise  to  the  nodular  masses  of  the  oxides 
of  the  two  metals. 

At  the  mill,  alongside  of  the  public  road,  the  Glenkiln-Hartfell 
black  shales  appear  in  the  bum  and  the  mill-lead,  rising  from 
underneath  the  Ban^en  Mudstones.  The  following  fossils  charac- 
teristic of  these  groups  were  here  obtained : 

Goenograptus  gmcilia  (Hall.)  Climxacograpius  caudatus  (Lapw.) 

,,  pertenuis  (Lapw.)  Retiolites  (Neurograptus)  JU/ratus 

(Lapw.) 
DiceUograptus  Forchhammeri  (Geinitz. ) 


Didymograptiis  siiperstss  (Lapw.) 
Diplograptus  foliaceus  (Murch.) 
Glimacograptiis  Schdrenhergi  (Lapw. ) 


The  Barren  Mudstones  are  seen  in  the  mill-lead  for  about 
80  yards  above  the  mill.  From  the  mill  pond,  for  a  distance  of 
500  yards  up  stream,  the  rocks  are  concealed  by  boulder  clay; 
but  at  the  eastern  edge  of  the  Tottlehams  Wood,  the  Barren 
Mudstones  appear  on  the  south  bank  of  the  stream,  succeeded 
on  the  south  by  a  small  exposure  of  the  Birkhill  Shales,  which 
contain,  amongst  other  forms,  I)ij)hgraptu8  acimiinatus,  Clirruico- 
graphts  TwrmaliSj  &c.  On  the  north-east  side  of  the  stone  fence 
crossing  the  burn  at  the  point  where  the  stream-course  changes 
and  bends  towards  the  north,  a  small  exposure  may  be  seen  of  black 
shales  charged  with  Climacograptus  caudatus,  DiphgraptuSf 
and  Dicellograptns  onoffatensis,  characteristic  of  the  Lower 
Hartfell  group.  They  are  followed  by  Tarannon  greywackes 
to  the  south,  so  that  a  fault  must  here  come  between  these  zones. 
They  must  be  truncated  also  by  a  north  and  south  fault,  which 
brings  them  in  contact  with  the  Barren  Mudstones  and  Birkhill 
Shales  just  described. 

From  the  prominent  bend  in  the  Tottlehams  Bum  just  referred 
to,  north-eastwards  by  Corsehill  and  Barmofitty,  the  members  of 
the  Moffat  series  are  to*aceable  for  a  distance  of  about  half  a  mile, 
partly  by  means  of  rocky  knolls  peering  through  the  drift.  The 
bands  of  felsitic  tuff  with  cherts  and  mudstones  inclined  to  the 
north-west  at  high  angles  can  be  followed  in  isolated  exposures  to 
the  fields  west  of  Barmofitty  Farmhouse.  On  the  north  side  they 
are  succeeded  by  the  Glenkiln-Hartfell  black  shales  visible  in  the 
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Tottlehams  Btuti  and  in  the  fields  south-west  of  Corsehill.  On  the 
south  side  of  the  fold  black  shales  are  well  exposed  on  a  knoll  about 
150  yards  north  of  the  east  end  of  Tottlehams  Wood,  with 
graptolites  of  the  Glenkiln  horizon,  in  abundance  and  excellent 
preservation.  Here  the  black  shales  are  repeated  by  folds,  and  the 
givy  I'adiolarian  cherts  are  brought  to  the  surface  in  two  sharp 
anticlines.     The  following  fossils  were  here  collected  (Fig.  33)  : 


»> 


>» 


u 


Comograptus  gracilis  (Hall.) 

surcvlaris  (Hall.) 
pertenuis  ^Lapw.) 
nitidul'U8{hBLpw,) 

Didymograptvs  sfaperstes  (Ljapw.) 
,,  serratHdiis  (HaU.) 

LuLsiograptus  bimucrofiatus  (Nich.) 

Diplograptus  eiiglypkiu  (Lapw.) 
foliaceus  (Murch.) 
mucranatus  (Hall.) 
Wkitfiddi  (Hall.) 

Cryptograptus  tricamis  (Carr.) 


>j 


»? 


»» 


Glossograptus  Hiticksi  (Hopk.) 
Glimacograptus  hicomia  (Hall.) 

,,  ccelatiLs  var.  antiquum 

(Lapw.) 
DiceUograptus  sextans  (Hall.) 

patulosus  (Lapw.) 
divaricatus  (Hall.) 
moffaterutia  (Carr.) 
Dicranograptus  tardiusculus  (Lapw.) 

,,  rar/io^i^  (Hall.) 

Clathrograptus  cuneifarmis  (Lapw.) 
Siphonotreta  micula  (M*Coy.) 


»? 


»? 


jj 


In  the  prolongation  of  the  Trowdale  band  in  a  south-westerly 
direction  towards  Kilnotrie  and  Crossmichael,  only  isolated  expo- 
sures of  the  Mofiat  series  protrude  through  drift.  Along  the  strike 
of  the  outcrops  south  of  Trowdale  Glen,  the  radiolarian  cherts, 
mudstones,  shales,  and  volcanic  tuffs  are  met  with  in  fields  about  a 
third  of  a  mile  south-east  of  Balgerran  Farmhouse,  the  general  dip 
being  to  the  north-west.  On  the  north  side  of  the  fold  these  strait 
are  succeeded  by  the  Glenkiln-Hartfell  shales,  which,  at  an  old 
mine  about  one-third  of  a  mile  E.S.E.  of  Balgeri'an,  have  yielded  : 
Ccenograptus  gracilis,  Clathrograptus  cuneiformis,  Climacogra/ptus 
bicomis,  C.  ccelatus  var.  a/ntifjuics,  Biphgraptus  foliacevs,  Dicello- 
grapius  moffatensis,  Siphonotretaymcula, 

Again,  on  the  south  side  of  the  cherts  and  mudstones,  in  a 
field  north-west  of  Mountskip  Plantation,  and  not  far  to  the 
north  of  the  Monograptus  exiguus  band  already  referred  to,  soft 
black  shales,  which  appear  at  the  side  of  a  streamlet,  have  supplied 
some  characteristic  Glenkiln  forms,  with  others  (Fig.  32) : 


Didymograptus  superst^  (Lapw.) 

,,  nov.  sp.  with  disc. 

CcsTwgraptus  gracilis  (Hall.) 
Thamnograptiu  typus  (Hall.) 
Diplograptus  eugHyphus  (Lapw.) 
„  Whitfieldi  (Hall.) 


Diplograptus  foliaceus  (Murch.) 
Oryptograptus  tricomia  (Carr.) . 
Glimacograptus  hicomis  (Hall.) 

,,  c€rUUus  var.  antiquus 

(Lapw.) 
Glossograptus  Hincksi  (Hopk.) 

In  consequence  of  a  synclinal  fold  the  Barren  Mudstones 
appear  to  the  south  of  this  exposure,  followed  by  the  Glenkiln 
shales,  charged  with  CoenograpUis  gracilis,  Biphgraptus  Whitfieldi, 
D.  foliaceus,  Climacograptus  Incomis,  BiceUograptus,  Lasiograptus 
himucronaius,  &c. 

Westwards,  at  the  Kilnotrie  Farmhouse,  the  cherts  and  volcanic 
tufis  crop  out  in  the  fields  to  the  north  of  the  steading,  and  may  be 
followed  west  to  a  point  south  of  Emcrogo  Loch.  They  occur  on 
a  difierent  anticlinal  fold  from  that  of  the  Trowdale  band,  though 
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not  far  to  the  south  of  it.  The  Glenkiln-Hartfell  black  shales  and 
Barren  Mudstones  occur  on  the  north  side  of  the  anticline  in 
the  fields  near  Erncrogo  Loch,  and  on  the  south  side  of  the  fields 
to  the  east  of  Kilnotrie.  A  few  yards  west  of  Kilnotrie  Farmhouse 
the  following  Hartfell  species  were  obtained :  Climacograpius 
cavdaUis,  G.  bicomis,  Biplograptus  foliaceus,  D,  tricomisy  Dicello- 
graptus  moffatensis.  Again,  at  Crossmichael  the  black  shales  are 
visible  near  the  south  end  of  the  village,  while  the  felsitic  tufis 
appear  on  the  slope  north-east  of  this  locality,  but  their  relations 
to  the  surrounding  rocks  are  not  apparent. 

Still  further  to  the  south-west,  in  the  neighbourhood  of 
Lawrieston,  the  volcanic  tuffs  and  radiolarian  cherts  are  to  be 
seen  at  one  or  two  localities,  south  of  Bellymack  Farmhouse, 
and  about  half  a  mile  east  of  the  village.  Here  they  are 
associated  with  black  shales,  visible  in  a  small  bum  east  of  South 
Quintenespie,  charged  with  Bidymograptus  supersies,  Lasiograptus 
himucTOTUitus,  Crypiograptus  tricomis,  Glimacograpius  bicomis, 
Dicelhgraptus  moffatensis,  D.  Forchhammeri,  &c.  The  black  shales 
likewise  appear  at  the  roadside  a  few  yardsjwest  of  Bellymack. 

About  a  mile  to  the  south-west  of  the  last-named  locahty, 
representatives  of  ibhe  Birkhill  black  shales  come  to  the  surface 
along  an  axial  fold  in  the  Tamnnon  greywackes  and  shales. 
From  the  assemblage  of  their  fossils,  it  is  apparent  that  members 
of  the  Lower  Birkhill  division  are  here  met  with,  ranging  from 
the  Diplograptus  acuminatus  zone  to  that  of  Monograptus 
gregarius.  In  the  stream,  about  fifty  yards  to  the  north  of 
Bunnance  Farmhouse,  black  shales  are  exposed,  dipping  to  the 
north-west,  from  which  the  following  fossils  were  obtained : 

Diptograptus  acurninutus  (Nich.)  i    Monograptus  isnuis  (Portl.) 

,,            resicwZosMjj  (Nich.)  ,,            attcmxa^ua  (Hopk.) 

Climacograptus  nonnalis  (Lapw.)  ,,            lobifenvs  (M*Coy.) 

Dimorphograptus  (Lapw.)  Dawsonia  campa^mlata  (Nich.) 

In  one  of  the  branches  of  this  stream,  about  one^third  of  a 
milej  south-west  of  Dunnance  Farmhouse,  in  the  same  line  of 
strike,  the  black  shales  yielded : 


Diplograptus  acuminatus  (Nich.) 
,^  tamariscus  (Nich.) 

Glitnacograptus  normdlis  (Lapw.) 
Monograptus  tenuis  (Portl.) 

,,  aUenuatus  (Hopk.) 

,,  leptotheca  (Lapw.) 


Monograptus  jaculum  (Carr.) 

iriangulatus  (Hark.) 
gregarius  (Lapw.) 
lobiferus  (M*Coy.) 

Lingula  striata  (Sow.) 


At  this  part  of  the  stream-section  the  black  shales  are  repeated 
several  times  bv  isoclinal  folds  inclined  to  the  N.N.W.  in  con- 
junction with  the  Llandovery  grits  and  shales. 

Hensol  Black  Shale  Band,  River  Dee.  —  Owing 
to  plications  of  the  overlying  Tarannon  grits  and  shales,  the 
members  of  the  Moffat  series  reappear  about  three  miles  to  the 
north  of  the  Lawrieston  band,  in  the  River  Dee  at  Hensol  House, 
close  to  its  junction  with  the  Ken.  This  exposure  is  of  special 
interest,  as  the  strata  are  arranged  on  the  whole  in  a  normal  fold, 
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the  lowest  beds  occupying  the  core  of  the  arch.  Oa  the  north 
bank  of  the  river,  at  the  bend  a  quarter  of  a  mile  below  Kensol 
House,  Barren  Mudstones  form  the  centre  ot  the  fold,  succeeded 
on  both  sides  by  the  Lower  J3ii*khill  Shales.  At  the  top  of  the 
Ban-en  Mudstones,  on  the  south  side  of  the  arch,  DiceUograiytus 
anceps  was  obtained  from  black  shales  that  have  here  been  pierced 
by  an  intrusive  dyke.  A  band  of  black  grits  is,  on  the  south  limb 
of  the  arch,  associated  with  the  Birkhill  {Shales,  which  are  inclined 
to  the  south-east  at  high  angles.  In  like  manner,  the  Lower 
Birkhill  zones  dip  away  from  the  Barren  Mudstones  on  the 
north  side  of  the  fold.  The  Birkhill  Shales  have  here  yielded  the 
following  forms : 


Diploffraptus  vesiculosu^i  (Nich.) 
,,  tamariscus  (Nich.) 

Dimorphograptus  elongatus  (Lapw.) 
Climacograptus  normo/ts  (Lapw.) 


Mono(frapius  tenuis  (Portl.) 

, ,  cUtenuatus  (Hopk . ) 

,,  gregarius  (Lapw.) 

Dawaonia  campanuiata  (Nich.) 


It  is  woi-thy  of  note  that  the  highest  zone  represented  here  is 
that  of  Manograptus  gregarius,  as  the  Llandovery  greywackes 
and  shales  immediately  succeed  in  the  railway  cutting  to  the 
north.  These  members  of  the  Mofliat  series  can  be  traced  down  the 
liver  Dee  for  a  short  distance  along  the  strike,  and  they  are 
also  visible  in  the  railway  cutting  to  tlie  north.  A  small  exposure 
of  the  Birkhill  Shales  occurs  on  another  fold  near  the  railway 
viaduct  on  the  east  bank  of  the  Ken. 

Not  far  from  the  granite  boundary,  in  the  north-west  comer 
of  the  map,  two  outcrops  of  black  shales  may  be  observed,  one  on 
the  south  slope  of  Benan  Hill,  south  of  Loch  Stroan,  and  the  other 
in  Clenoch  Bum.  A  third  exposure  is  seen  in  the  Oastramont 
Bum  about  two  miles  from  the  granite  margin.  In  these 
instances,  the  Moffat  Shales  come  to  the  surface  along  isocUnal 
folds,  inclined  to  the  south-east,  but  the  beds  are  too  much 
altered  to  yield  graptolites. 

Bar  lay  Burn. — About  two  miles  to  the  north-east  of 
Gatehouse,  at  a  marked  bend  in  the  Barlay  Bum,  representatives 
of  the  Lower  Birkhill  group  appear,  much  contorted  and  traversed 
by  faults.  At  the  hrst  exposure,  in  the  ascent  of  the  bum,  the 
black  shales  are  cleaved  and  corrugated,  dipping  to  the  south- 
east at  low  angles.  Here  they  have  yielded  specimens  of 
ClimacograptiLS  normalis.  A  few  feet  above  this  outcrop,  thin 
bands  of  black  shales  with  seams  of  white  clay  occur,  from  which 
have  been  obtained  Mcniograptus  triangvlatMS,  M.  tenuis,  M. 
lobifervSf  and  Climdcograptus  rwrmalis.  These  are  overlain  by 
grey  shales.  A  fault  running  in  a  north-west  and  south-east  ^ 
direction  bounds  these  beds  on  the  west  side,  bringing  them  into 
conjunction  with  grey  greywackes.  Further  up  stream  the  band 
is  traversed  by  two  faults,  but  the  shales  are  traceable  as  far  as  the 
bridge  across  the  bum.  A  thin  band  at  this  north-east  exposure 
yielded  Diplogro/ptus  acuminattis,  D.  tairiariscus,  Monograptus  tenuis, 
Ac.  Near  the  bridge,  Monograptus  gregarius  and  some  of  its 
associates  were  found. 


"  1 
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Coal  Heug h. — ^In  thifl  small  tributary  of  the  Tarff  Water, 
and  also  in  the  TarS  section,  the  BirkhiU  Shales  are  vifiible  on 
another  fold.  Indeed,  the  Coal  Keugh  receives  its  name  from 
this  outcrop  of  black  shales,  which  led  to  excavations  in  search 
of  coal.  Ascending  the  Tartt  from  Itingford,  we  find  brown- 
crusted  flags,  blue  eiiales,  and  fine-grained  greywackes,  inclined 
to  the  north-west.  On  the  west  bank  of  the  Tai-if,  opposite 
Liggatcheek,  and  near  the  mouth  of  Coal  Heugh,  shattery  green 
shales,  flags,  and  jointed  greywackes  veined  with  calcite  appear. 
These  are  succeeded  by  grey  shaly  clays  and  thin  bands  of  black 
shale.  They  are  prolonged  up  the  Coal  Heugh,  the  best 
exposure  being  at  the  site  of  an  old  mine.  The  beds  are  much 
slickensided,  and  fossils  are  diflicult  to  obtain,  but  specimens  of 
Diplograptus  acurmnatus  and  Climacograptus  normalis  were 
here  collected. 

From  the  evidence  adduced  in  the  foregoing  pages,  it  appears 
that  the  highest  zone  of  the  Moffat  series  in  the  district  between 
the  Nith  and  the  Fleet  is  that  of  Monograpttis  gregarius.  The 
Moffat  type  of  the  Upper  BirkhiU  division  has  not  as  yet  been 
detected  in  this  area.  It  is  probably  represented  by  some  of  the 
coarser  sediments.  The  occurrence  of  Mcmograptus  Sedgvncki 
(Portl.)  in  a  dark  seam  interleaved  in  greywackes  and  shales  in  the 
Tarff  Water  west  of  Upper  Lairdmannoch  seems  to  support  this 
conclusion. 

Black  Shale  Bands  near  the  South-west  Margin 
of  the  Cairnsmore  of  Fleet  Granite  Mass. — Along 
the  southern  margin  of  the  granite  mass  of  Cairnsmore 
of  Fleet  between  Little  Water  of  Fleet  and  Creetown  Station, 
and  again  along  the  western  edge  of  the  granite,  there  are 
various  outcrops  of  the  Moffat  Shales  appearing  along  sharp 
anticlinal  folds.  In  this  district  the  black  shales,  after  passing 
from  black  to  blue  and  dull  grey,  have  been  so  much  hardened 
and  altered  as  to  have  become  schistose  and  to  have  lost  all 
traces  of  the  original  bedding.  When  in  this  altered  schistose 
condition,  they  become  remarkably  tough,  generally  split  up 
into  large  square  blocks,  and  usually  contain  various  contact 
minerals.  No  traces  of  graptolites  have  been  observed  in  the 
more  highly  altered  bands  ;  near  Palnure  Station,  however, 
graptolites  are  recognisable,  but  too  imperfect  for  identification. 

River  Cree,  One  Mile  North  of  Newton- 
Stewart. — About  a  mile  to  the  north  of  the  Bridge  of  Oree  at 
Newton-Stewart  the  Glenkiln-Hartfell  black  shales  and  BaiTen 
Mudstones  come  to  the  surface  in  the  midst  of  greywackes  and 
shales.  From  evidence  obtained  near  Glenluce  it  is  probable  that 
the  latter  sediments  are  of  Llandovery  age,  though  no  BirkhiU 
Shales  are  visible  in  this  section.  The  members  of  the  Moffat 
series  appear  about  half  a  mile  above  the  junction  of  the  Cree  with 
the  Penkill  Burn,  at  a  point  where  the  Cree  flows  for  200  yards  in 
an  E.N.E.  direction.  On  the  north  bank  of  the  stream  at  this  bend 
the  Glenkiln-Hartfell  black  shales  are  visible,  and  have  there  yielded 
Diplograptus  foU^iceus,  Climdcograptits,  &c.      This  outcrop  crosses 
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the  Cree  to  the  west  bank,  and  is  followed  on  the  south  limb 
of  the  fold  by  a  fine  development  of  the  BaiTen  Mudstones,  of  the 
type  so  characteristic  of  the  central  Moffat  region,  and  these  in  turn 
are  succeeded  by  thick  grits.  Northwards  the  Hartfell  Shales 
are  succeeded  by  Barren  Mudstones,  rolling  about  at  low  angles 
and  forming  flat  arches.  The  Hartfell  Shales  reappear,  how- 
ever, on  a  second  anticline  about  fifty  yards  north  of  the  main 
exposure,  and  yield  certain  forms  characteristic  of  the  Pleuro- 
graptus  linea/ris  zone,  viz.  :  Diphgraptns  qiuidrirn/ucronatu€, 
DiceUographis  Morrisi,  Climacogr aphis.  Again,  the  Barren  Mud- 
stones reappear  to  the  north  of  this  latter  exposui'e  and  occupy 
the  stream  for  a  distance  of  120  yards,  where  they  are  followed 
by  massive  grits  and  shales  which  dip  southwards,  and  are  thus 
inverted,  at  high  angles.  A  careful  search  for  graptolites  was 
made  in  the  shaly  bands  at  the  base  of  the  grits,  but  without 
success. 

Following  the  Cree  southwards  from  the  main  outcrop  of 
Hartfell  Shales  at  the  prominent  bend  in  the  river,  the  observer 
finds  two  arches  of  the  Barren  Mudstones  ere  he  reaches  the 
point  of  junction  between  the  Cree  and  Penkill  Bum,  the  more 
northerly  of  the  two  having '  a  thin  core  of  black  shales.  The 
black  shales  and  Barren  Mudstones  appear  in  the  Penkill 
Bum  to  the  north-east  of  these  arches.  About  a  mile  and 
a  half  up  this  tributary  of  the  Cree,  near  the  footbridge 
leading  to  Cumlodden  School,  much  contorted  and  crushed  black 
shales  yielded  CUmaeograptus,  Diplograptus,  and  Dicellograptus, 
thus  indicating  a  Glenkiln-Hartfell  horizon.  This  band  of  shale 
stretches  for  some  distance  to  the  E.N.I!.,  but  owing  to  the  contact 
metamorphism  induced  by  the  Caimsmore  of  Fleet  granite,  its 
horizon  cannot  be  fixed  by  fossil  evidence.  At  the  band  of  the 
Well  Bum,  Talnotry,  and  about  300  yards  N.N.W.  from-  Talnotry, 
the  altered  black  shales  were  mined  for  plumbago  on  the  outcrop 
of  the  Drumlawhinnie  and  Loch  of  the  Lowes  band. 
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CHAPTER  IX. 

THE  CENTRAL  BELT— c^yntinued, 

BLACK  SHALE  BANDS  BETWEEN  THE  CREE  AND  THE  MULL  OF 

GALLOWAY. 

In  the  broad  belt  of  Tarannon  Rocks  stretching  from  the 
mouth  of  the  Cree  across  the  low  ffrounds  of  Wigtownshire  to 
the  shores  of  Luce  Bay,  the  representatives  of  the  Moffat  series 
come  to  the  surface  along  various  anticlines.  Of  these,  tne  most 
important  is  the  series  of  bands  that  extend  from  Drumblair 
by  Glenling  and  Crailloch  to  Ballaird.'' '  (Sheet  4  of  Survey  Map.) 

Glenling,  Crailloch,  and  Ballaird  Black  Shale 
Bands . — This  series  of  outcrops  is  traceable  from  Drumblair,  on 
the  east  shore  of  Luce  Bay,  5^  miles  N.W.  of  Port- William,  to 
Ballaird,  5  miles  W.  from  the  mouth  of  the  river  Bladenoch.  Near 
the  western  termination  of  the  bands,  the  radiolarian  cherts  are 
visible  at  three  localities,  and  from  this  horizon  there  is  an  ascend- 
ing sequence  to  the  M.  gregarms  zone.  The  outcrops  of  the  black 
shales  are  extremely  irregular ;  there  are  no  continuous  cross- 
sections  in  streams,  the  exposures  being  met  with  in  fields  and  on 
moorland. 

Drumblair. — The  section  on  the  hill-face  north  of  Drum- 
blair shows  grey,  massive,  and  nodular  radiolarian  cherts, 
some  of  the  beds  measuring  two  feet  thick.  In  the  core  of  the 
arch  there  is  a  fine-grained  felsitic  rock  which  may  probably 
represent  some  member  of  the  Arenig  volcanic  series.  The 
cherts  are  visible  in  a  knoll  in  the  field,  but  their  relations  to 
the  surrounding  rocks  are  not  visible.  A  few  yards  to  the  north, 
debris  of  black  8hales  is  seen,  and  stiU  further  north  greywackes 
appear.  To  the  south  of  these  radiolarian  cherts  the  black  shales 
appear  at  Drumblair,  and  in  the  road  leading  to  the  house.  They 
are  visible  at  various  localities  in  the  neighbourhood  of  Drum- 
blair, but  the  horizon  of  these  shales  has  not  been  proved. 

G  a r  h e  u  g h. — ^The  by-road  leading  to  Garheugh  from  the  main 
road  at  Altlcry,  half  a  mile  west  of  Drumblair,  famishes  sections  of 
the  members  of  the  Moffat  series  (Fig.  34).  About  300  yards 
north  of  the  main  road  the  cherts  appear,  \vith  the  black  shales  on 
both  sides.  On  the  north  limb  of  the  fold,  and  in  the  field  adjoining 
the  road  to  the  east,  the  following  forms  were  obt-ained :  Glimaco' 
graptus  bicomiSf  G.  tridentatiLS,  Cryptograptus  tricomiSy  and  Diplo- 
graptus  folioucevz. 

For  a  short  distance  there  is  a  blank  in  the  road  section,  but 
to  the  northwards  an  exposure  of  black  shales  yields  Diplograptus 
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foliaceus,  DiceUograpius^  and  Climacograptiis.  Next  we  find,  for 
about  30  yards,  the  Barren  Mudstones,  which  are  succeeded  by 
the  Birkhill  Shales.  It  is  probable  that  the  whole  sequence  of  the 
Lower  Birkhill  group  is  here  represented,  but  the  only  fossils 
obtained  belong  to  the  if.  gregarius  zone,  as  given  in  the  following 
list : 


Manograptus  gregarius  (Lapw.) 
tenuis  (Portl.) 
l^totheca  (LApw.) 
Hisingeri  (Carr.) 


jf 


»> 


Diplograptus  tamariscus  (Nich.) 
Cli7nacograptus  normalis  (Lapw.) 
Dawsonia  campanulata  (Nich.) 


a 


AltifV 


Alt  Bum 


21  3"  '^y      i^r       .jai 

Fio.  34. — Generalised  Section  from  Garheugh  to  Alticry,  east  side  of  Luce 

Bay,  Wigtownshire. 

C.  Radiolarian  chert.  21*  Glenkiln  Shales.  811-  Lower  Hartfell  Shales. 
3U'.  Barren  Mudstones.  4111-  Lower  Birkhill  Shales.  4.  Greywacke 
and  shale  (Llandovery),     f .  Fault. 

The  Barren  Mudstones  come  to  the  surface  at  the  roadside 
for  a  distance  of  30  or  40  yards,  while  in  a  quarry  at  a  sharp  bend 
in  the  road,  200  yards  fi'om  Garheugh,  a  thin  seam  of  black 
shales  has  yielded  THphgi-aptus  foUaceus.  This  outcrop  of 
Barren  Mudstones,  after  crossing  a  narrow  hollow,  is  succeeded 
by  grits  and  greywackes,  the  latter  being  probably  brought  into 
conjunction  with  the  Moffat  series  by  means  of  a  fault.  This 
hollow  runs  in  a  north-east  direction  by  the  Black  Loch,  and  is 
bounded  on  the  north  by  a  line  of  cliff  composed  of  grits,  grey- 
wackes, and  shales.  The  probable  fault-line  is  oblique  both  to 
the  Moffat  series  and  to  the  greywackes  and  shales  to  the  north. 
North-eastwards  along  the  hollow  occupied  by  the  fault,  within 
100  yards  of  the  quarry  just  described,  a  cliff  of  greywacke  rises  on 
the  north  side  of  the  feature  and  the  black  shales  appear  on  the 
south  side.  These  shales  here  form  one  limb  of  an  arch,  and  dip 
generally  to  the  south  about  70*,  the  lowest  zone  occurring  nearest 
the  fault.  The  Barren  Mudstones  are  seen  at  the  base  of  the 
slope  underneath  the  black  shales  with  a  south-east  dip,  followed 
by  the  Diplograptus  acuminatiis  zone.  This  outcrop  of  the  Moffat 
series  can  be  traced  north-eastwards  by  the  Black  Loch  for  two- 
thirds  of  a  mile.  At  a  point  about  300  yards  south-west  from  the 
Black  Loch,  the  black  shales  contain  Biplograptus  vesiculosus,  D. 
iamariscu^j  Dimorphograptus  elongatus,  Clima>cograptus  normulis,  and 
Monograpttis.  On  the  south  bank  of  the  Black  Loch  the  following 
forms  were  obtained  :  Diptograptiis  acuminatus,  Monograptus  attenvr 
aiuSj  Climacograptiis  sp.,  and  sicuhje  of  graptolites.  Not  far  to  the 
north-east  of  the  Black  Loch  the  foregoing  band  of  black  shales  is 
truncated  by  the  fault  already  referred  to,  the  overlying  greywackes 
and  shales  appearing  along  the  strike  to  the  north-east  (Fig.  35.) 
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Near  Loch  Doon,  about  300  yards  E.S.E.  of  the  Black  Loch, 
there  is  a  nearly  parallel  fold  of  black  shales  which  has  been  traced 
for  a  distance  of  two-thirds  of  a  mile,  with  the  Barren  Mudstones 
in  the  centre  and  the  Birkhill  Shales  on  both  sides  (Fig.  35). 


Fig.  36. — Generalised  Section  across  the  Black  Loch  and  Barwan  Plantation 
to  Drumblair,  east  side  of  Luce  Bay,  Wigtownshire. 

(For  explanation^  see  Fig.  SJf,) 

The  folds  of  the  Moffat  series,  forming  numerous  though 
isolated  exposures  between  Drumblair  and  the  Black  Loch,  as 
already  described,  disappear  withinhalf  a  mile  to  the  north-east 
of  Drumblair,  and  are  succeeded  by  the  overlying  greywackes  and 
shales.  Along  the  line  of  the  two  most  northerly  folds  (Black  Loch 
and  Loch  Doon  bands)  the  Moffat  Shales  have  not  been  observed 
on  the  Drumblair  Moor  to  the  north-east.  To  the  south-east, 
however,  the  Mofiat  series  reappears  near  Kirwan  Plantation  (Fig. 
35).  From  this  point  to  the  road  near  the  farmhouse  of  May — a 
distance  of  about  a  mile — ^the  members  of  this  series  occupy  a 
belt  of  ground  about  a  quarter  of  a  mile  wide.  The  exposures 
are  confined  chiefly  to  the  cidtivated  ground  and  the  rocky  knolls 
scattered  through  the  fields.  The  evidence  is,  therefore, 
imperfect,  and,  indeed,  we  seldom  find  here  two  of  the  main  gi'oups 
of  the  Moffat  series  in  conjunction.  The  lowest  beds  exposed 
are  the  radiolarian  cherts,  which  occupy  the  crest  of  a  small  knoll 
in  a  field  about  half  a  mile  W.S.W.  of  May  Farmhouse  and 
about  100  yards  from  the  public  road.  The  cherts  are  here 
followed  by  black  shales,  from  which  the  following  forms  have  been 
collected :  Diplograptus  foliaceus,  Cryptograptus  tricornis,  Climaco- 
grwptus  bicomis,  and  Bicellograptus.  The  grey  Barren  Mudstones 
form  the  main  portion  of  the  rock  exposures,  and  indeed  it  is  highly 
probable  that  they  underlie  a  large  part  of  the  narrow  belt,  from 
the  abundance  of  mudstone  debris  in  the  cultivated  soil  between 
the  knolls  of  rock. 

May  Farmhous e. — ^The  Birkhill  Shales  are  also  exposed 
in  numerous  places,  and  often  enclose  boat-shaped  masses  of 
greywacke,  which  form  the  most  prominent  rock-knolls.  At 
two  localities  on  the  public  road,  from  150  to  200  yards  north- 
east of  May,  these  beds  have  supplied  Monograptus  gregwrius  and 
Monograpttis  aiienuatus,  indicating  that  the  M.  gregwrius  zone  is 
represented.  Following  this  line  of  outcrop  eastwards  from  May 
Farmhouse  as  far  as  the  Water  of  Malzie,  we  find  numerous  expo- 
sures of  the  Moffat  series  covering  an  area  about  half  a  mile  wide. 
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These  exposures  are  isolated,  and  the 

evidence  is  more  defective  than  in  the 

.  area  above  described.    Notwithstond- 

j  -^      ing  this  fact,  there  is  confirmatory 

3  ^      evidence  of  the  rapid  plication  of  the 

p;  ■  ri,     Moflat  series.     About  500  yards  east 

J  fc.      of  May  Farmhouse  the  black  shales 

fi"      have  supplied  the  following  Birkhill 

^      forms :  Monograplm,  DimorpiuxiTaptut, 

I      and   CliTnacograptus  normdis.     The 

"a,     Glenkiln-Hartfell  Shales  are  exposed 

*       in  a  ditch  about  100  yards  north  of 

J^      Culshabben  School,  and  about  a  mile 
further  to  the  north-«aat  the  radio- 
^  ■      larian  cherts  appear  on  a  knoll  on 

S  J      the  west  bank  ofthe  Wat«rofMalzie, 

1  1      where  it  takes  a  sudden  bend  to  the 

S  I      east.   Indeed.alongthebeltofground 

.3"  north  of  the  road  between  Culshabben 
^  and  the  Water  of  Malzie,  debris  of 
■c  black  shales  and  Barren  Mudstones 
§  is  exposed  in  the  cultivated  ground, 
i    ^      while  occasional  rocky  knolls,  formed 

1  of  grit,  project  here  and  there  through 
•g      the  surrounding  tilled  patches. 

'     I  Crailloch   and    Low   Glen- 

ling  , — About  four  miles  inland  from 
fthe  east  coast  of  Luce  Bay  the  neigh- 
bourhood   of    Crailloch    and    Wbite 
5      Dyke   is   occupied   chiefly   by   peat 

2  mosses,  with  infen-ening  cultivated 
-§  Icnolls.  Recently  the  Water  of  Malzie 
a      and  its   tributaries   have  been  arti- 

I  5  ficially  deepened,  and  where  the 
□  cuttings  exposed  the  Moflat  series, 
£  numerous  graptolites  have  been 
"^  obtained  from  the  Glenkiln-Hartfell 
■s  and  Birkhill  Shales  respectively. 
J  One  of  the  best  exposures  in  the 

•g      area  is  seen  on  the  south  ofthe  Water 
"3  J      of  Malzie,  on  the  by-road  to  Graii- 

I      loch  Farmhouse,  which  branches  from 
g      the  main  road   half  a  mile  west  of 
»      Low  Glenling  (Fig.  36).     Here  the 
^      radiolarian  cherts  appear  in  the  banli 
^      on  the  south  aide  of  the  road,  and 
S      are  succeeded  by  a  mass  of  bbck 
shales   which  contain  the  following 
Glenkiln  forms :  Dijiograplua  eugly- 
•phut,  LeptograpUis  fioAxidus,  Bicrano- 
yrapius  formnst'S.  Dicelloifrapltig,  and 
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Climacoyrwptus.  These  strata  are  followed  by  debris  of  platy  black 
shales,  C5rowded  with  Leptograptus  flacddvs  and  Dicellogi'aptu^y 
together  with  Diplograpttis  foliaceus  and  Buyrwnograptus  ranwstis, 
probably  representing  a  portion  of  the  D.  Clingani  zone  of  the  Lower 
Hartfell  black  shales. 

A  few  yards  to  the  north,  where  a  cutting  has  been  made  in 
these  Moffat  Shale  beds  for  the  purpose  of  deepening  the  river,  a 
search  was  made  in  the  debris  thrown  out  from  the  river  bed,  and 
the  following  typical  Glenkiln  forms  were  obtained,  chiefly  from 
large  slabs  of  a  dark  coarse-grained  shale  : 

Oomograpttu  gr<u:Uis  (Hall.)  I   DiceUograptus  aextans  (Hall.) 

„  pertenuis  (Lapw.)  '  „  intorius  (Lapw.) 

DidymograpUis  auperstes  (Lapw.)  |  ,,  patvlosus  (Lapw.) 

Laawgraptus  himucr<ma;bu8  (Kich.)  j  ,,  moffatenttis  (Carr.) 

IXplograptus  fdliouieus  (Murch.)  Dicranograptus  ramosua  (Hall.) 

TK(MMu>grapiAAs  scoticus  (Lapw.)  '    Oryptograptu$  tricomis  (Carr.^ 
CUmacograptui  bicomis  (Hall.)  Gloaaograptus  Hincksi  (Hopk.) 

,,  codatus  var.  antiquus 

(Lapw.) 

In  certain  seams  the  Gosnograpti  occur  in  great  abundance; 
Didymograptus  superstea  is  very  plentiful,  and  the  specimene  of 
Lasiograpttis  bimucronatvs  are  remarkably  well  preserved.  Though 
the  road-cutting  does  not  expose  the  black  shales  on  the 
north  limb  of  the  fold  of  radiolarian  cherts,  yet  by  following 
the  river  course  westwards,  debris  of  Glenkiln-Hartfell  Shales 
may  be  observed,  which  may  be  regarded  as  evidence  that  the 
sequence  on  the  north  limb  extends  to  the  horizon  of  the  Lower 
Hartfell  group. 

South  from  the  road-cutting,  the  Barren  Mudstones  are 
observable  at  intervals  at  the  roadside.  Near  the  main  road  there 
is  a  small  exposure  of  black  shales  in  a  quarry,  and  debris  of  black 
shales  occurs  along  a  footpath  running  west  from  the  road.  These 
strata  are  followed  southwards  by  greywackes. 

To  the  east  of  the  artificial  cuttings  in  the  Water  of  Malzie  and 
adjoining  road,  the  lower  members  of  the  Moffat  series  extend 
along  the  river  as  far  as  a  point  north  of  Low  Glenling,  a  distance 
of  three-quarters  of  a  mile.  The  same  shales  and  overlying 
Barren  Mudstones  are  likewise  exposed  in  the  knolls  that  rise 
out  of  the  peaty  flat  through  which  the  stream  flows.  In  a  knoll 
600  yards  north  of  Low  Glenling,  the  Barren  Mudstones  are 
succeeded  on  their  northern  edge  by  a  black  shale  containing 
Rastrites  peregrinus,  Monograpttis  spiralis,  M.  Samdersoni,  CUmaco- 
gra/ptus  normalis,  and  Diphgraptus  sp.  This  assemblage  indicates 
the  occurrence  of  the  Monograptiis  gregarius  zone,  and  perhaps  a 
part  also  of  a  higher  zone. 

In  the  fields  to  the  south  of  Orailloch,  and  in  quarries  by  the 
side  of  the  road  from  Orailloch  eastwards  to  the  Water  of  Malzie, 
the  Barren  Mudstones  and  black  shales  belonging  to  the 
Glenkiln-Hartfell  divisions  are  exposed.  Round  CraUloch 
Farmhouse,  and  for  some  distance  along  the  strike  to  the  N.E. 
and   S.W.,  the  Birkhill  Shales  appear.      At  a  point    300   yards 
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E.N.E.  from  Crailloch,  where  a  ditch  has  been  cut  through  one  of 
these  outcrops,  the  following  forms  were  obtained  from  the  debris — 
an  assemblage  which  suggests  that  the  various  sub-zones  of  the 
Lower  Birkhill  group  are  here  represented : 

IXplograptus  a4sumincUu8  (Nich,)  \   Mo^wffraptus  ffregari'tis  (La^w.) 

Dimorphograptus  Sioandoni  (Lapw.)  I  „  tenuis  (Portl.) 

IXfioffrnptus  vesicuhsus  (Nich.)  ,,  attenuatus  (Ko^k.) 

(Ximacograptus  narmcdis  (Lapw.)  „  leptotheca  (Lapw.) 

„  rectangularia  (M*Coy.)       Datvtonia  c(vmpanulatu  (Nich.) 

„  nov.  sp.  I 

One  feature  which  characterises  the  system  of  folding  in  the 
area  just  described  between  Garheugh  and  Low  Glenling  is 
worthy  of  note,  viz. :  that  the  sharpest  folds,  revealing  the  lowest 
strata,  occur  along  the  southern  margin  of  the  area,  even  though 
these  folds  do  not  run  along  the  same  axial  line.  They  are 
arranged  in  echelon,  the  long  axis  of  each  successive  deep  fold 
being  a  little  to  the  south  of  tibe  preceding  one  as  we  pass  towards 
the  north-east. 

Crows  Burn,  Bal laird. — Owing  to  the  pitch  of  the 
folds  the  Moffat  Shales  bury  themselves  underneath  overlying 
sediments  to  the  east  of  the  area  just  described.  For  a  distance 
of  nearly  two  miles  to  the  E.N.E.,  only  greywackes  are  met 
with,  save  at  one  locality,  where  a  small  patch  of  black  shales 
is  visible  near  the  '* White  Dyke  Spa" — a  chalybeate  spring, 
rather  more  than  half  a  mile  north  by  east  of  White  Dyke  Farm. 
The  black  shales  reappear,  however,  to  the  north,  near  Ballaird, 
about  half  a  mile  to  the  west  of  Ballaird  Farmhouse,  where  they 
occupy  a  considerable  breadth  of  ground,  along  the  line  of  the 
Crows  Bum  to  the  east  of  Crows  Moor.  This  outcrop  of  Moffat 
Shales  in  the  Crows  Bum  is  bounded  on  the  west  by  a  cliff -like 
feature  named  the  Cat  Craigs,  which  forms  the  east  margin  of  the 
Crows  Moor.  That  this  feature  is  due  to  a  fault  may  be  surmised 
from  the  fiact  that  the  black  shales  strike  persistently  at  the  grey- 
wackes of  the  escarpment. 

This  area,  about  a  mile  long  and  about  200  yards  broad, 
stretches  from  the  feature  just  mentioned  to  the  road  a  little 
to  the  north-east  of  Ballaird  Farmhouse.  The  most  conspicuous 
beds  in  it  'are  Barren  Mudstones,  but  the  Lower  Hartfell  black 
shales  are  also  exposed,  sometimes  in  the  knolls,  but  chiefly  in  ditch- 
like cuttings  in  the  course  of  the  Crows  Bum,  about  800  yards 
W.N.W.  of  Ballaird  Farm,  where  they  have  yielded  Diplograptus 
foliaceus,  Climacograptiis  caudatus^  Oloasograptus  HincJcsi,  From 
another  exposure,  a  little  further  down  stream,  Diplograpttis  foliacetts 
and  Clvnuicograptus  tubvliferus  were  collected.  In  a  field  about  400 
yards  north  of  Ballaird,  black  shales  occur  next  greywackes,  from 
which  Monograpius  leptotheca  was  obtained,  proving  that  part  of 
the  Birkhill  Shales  are  here  represented.  In  a  quarry  in  a  field 
close  to  the  road,  about  400  yards  north-east  of  Ballaird,  the 
Barren  Mudstones  occur  with  a  mass  of  Hartfell  black  shales, 
the  latter  being  much  cleaved  and  shattered,  and  enclosing  imperfect 
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specimens  of  Bi^Dlograptus  foliaceiut  and  Cliniacograjytus  hicornis. 
To  the  east  of  these  outcrops,  tlie  black  shales  do  not  reappear 
throughout  the  area  lying  to  the  west  of  the  estuary  of  the  Cree. 

Eld  rig  Loch. — About  two  miles  to  the  south  of  the  bands 
at  Low  Glenling,  the  Moffat  series  reappears  at  Loch-head,  by  the 
roadside  east  of  Eldrig  Loch,  in  Mochrum  Parish,  and  again  about 
a  mile  to  the  W.S.W.,  in  a  quany,  where  the  black  shales  form  the 
back  of  an  anticline.  From  the  latter  locality,  fragments  of  Mono- 
grapti  have  been  obtained,  and  from  the  former  some  Birkliill 
forms  hare  been  collected. 


Fio.  37. — Plan  of  GilleRpie  Burn,  Culroy,  Glenluce  PariBh,  Wigtownshire. 

1.  Mudstones  (Arenig).  C.  Radiolarian  chert.  2^  Glenkiln  Shales. 
311*  Lower  Hartf eU  Shales.  SHa*  Linearis-zone,  311'*  Barren  Mudstones. 
4111.  Lower  Birkhill  Shales.  4.  Greywacke  and  shale  (Llandovery), 
f .  Fault.     -^^  Recent  alluvium. 


Culroy. — About  two  and  a  half  miles  to  the  north  of  the 
band  at  Oarheugh  the  black  shale  series  reappears  near  Culroy 
to  the  west  of  Castle  Loch,  Glenluce  Parish.  This  band  has  been 
traced  for  2^  miles,  the  best  sections  being  visible  in  the  Gillespie 
Bum  (Fig.  37).  At  a  point  about  400  yards  east  of  Culroy  Farm- 
house, this  stream  changes  its  course  at  a  right  angle  and  plunges 
into  a  rocky  gorge,  where  the  bum  flows  along  a  nearly  vertical 
outcrop  of  Hartfell  black  shales.  The  following  fossils  were  here 
gathei'ed:  DiplxHjraptus  (puidrimiicronuttcs,  D.  foliaceus^  Climaco- 
graphis  caudatus,  Oryptograptus  tricornis,  Cliinacorfraptus  hicornis^ 
Dicranograptus  ramos\i^^  DicellograpUcs,  Tletioliies,  Corifnoides  calycvn 
laris. 
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On  the  north  side  of  tliis  exposure  of  the  Hartfell  Shales 
a  small  development  of  Barren  Mudstones  is  succeeded  by  a 
thin    band    of    blue-black   shales,  containing   Climacograpt%u 


N.W 


S.E. 


FiiJ.  38.— Section  across  Gillespie  Burn  (No.  1  in  Fig.  37). 

lUprirwXis,  DipUxfrajduSf  and  sicicloi  of  graptolites,  belonging  to 
the  Birkhill  group.  These  strata  are  followed  by  greywackes  and 
shales,  with  a  thin  black  shale  containing  fragments  of  graptolites. 

On  the  south  side  of  the  main  exposure  of  Hartfell  Shales  the 
stream  flows  across  Barren  Mudstones.  The  Hartfell  black 
shales  reappear  at  two  localities — one  50  yards  (Locality  B  in 
ground-plan,  Fig.  37),  the  other  about  100  yards  down  stream 
(Locality  C)  from  the  main  Hartfell  outcrop  (Fig.  38).  The  fossils 
from  Ix)cality  B  include  Diplograpttts  foliaceus,  Climacograptus 
biconiis,  and  Dicranograptus ;  those  from  Locality  C,  at  the  bend 
on  left  bank,  comprise  Biplograptus  foliaceus,  ClirruicograptuB  hic&mis^ 
Can/noides  calycula/ris,  and  DiceliograpttLS,  Some  of  the  seams  are 
crowded  with  specimens  of  Biplograptus  foliaceus. 

Descending  the  bum,  the  observer  notes  the  radiolarian  cherts 
and  black  shales  on  the  right  bank  a  few  yards  back  from  the 
stream.  North-east  of  the  stream,  the  red  mudstones  and  black 
shales  ore  visible  in  the  cultivated  fields,  and  are  traceable  for 
a  distance  of  700  yards  from  the  bum  section.  To  the  north  of 
the  arch  of  red  mudstones,  the  cherts  appear  on  another  fold, 
probably  on  the  line  of  strike  of  the  band  B  in  the  Gillespie  Bum 
(see  Fipfs.  37  and  39).  This  zone  of  cherts  is  also  associated 
with  black  shales.  Both  these  anticlinal  folds  are  apparently 
truncated  by  a  fault  running  in  a  north-east  direction.  Still 
further  to  the  north,  a  third  fold  reveals  the  Hartfell  black  shales 
containing  the  following  forms:  Biphgrapivs  foliaceus,  Glimaco^ 
graptus  hicorniSf  DiceUograptuSy  Dicranograptus  ramosus, 

Pi%x;eeding  to  the  north-east,  we  find  that  the  fault  already 
described  truncates  these  three  folds  in  succession.  At  a  distance 
of  three-quarters  of  a  mile  north-east  of  Gillespie  Bum,  the 
Hartfell  Shales  on  the  northmost  anticline  are  seen  crossing 
the  road  leading  to  Barhaskine;  a  little  further  north,  on 
the  same  road,  dai*k  shales  in  greywackes  yielded  the  follow- 
ing forms :  Biptograpius  acuminatvs,  D.  tannariscius,   Moimirapius 
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tenuis^  M.  atienucUtts,  M,  gregarius^  Climacograptus  normalis. 
A  littie  further  to  the  north-east,  on  the  footpath,  in  blue-black 
shales  in  greywackes,  the  fossils  obtained  were  Monograptus 
gregarivs  and  ClimacograptiLS  nomudis.  Here,  then,  it  is  clear 
that  the  representatives  of  the  Birkhill  Shales  are  enclosed  in  other 
sediments.  A  little  over  a  mile  and  a  half  east-north-east  of 
GiUeepie  Bum,  the  Birkhill  Shales  appear  in  a  little  quarry. 


s.w. 


Fi«.  39.— Section  across  Gillespie  Bum  (No.  2  in  Fig.  37). 

beside  a  footpath  about  100  yards  W.S.W.  of  a  small  loch  in 
peat.  Here  in  a  blue-black  platy  iron-stained  shale,  fine 
specimens  of  DiplograpUis  acuminatns  have  been  got,  together  with 
specimens  of  Clirruicograptits  normalis  and  Monograpius  attermatus. 
The  fault  just  mentioned  gives  rise  to  a  prominent  feature 
traceable  eastwards  to  the  little  loch  in  the  peat,  and  even  beyond 
that  point.  At  a  point  in  the  high  road,  about  300  yards  N.N.W. 
from  that  loch,  two  folds  of  black  shales  appear,  of  which  the  most 
northerly  yielded  Bvplograpkcs  acuminatus  and  Climacograpitis 
normalis. 

In  a  little  tributary  of  the  Gillespie  Burfi  east  of  Culroy,  on 
the  right  bank,  dark  seams  in  blue  shales  embedded  in  greywackes 
contain  Biplograptus  vesiculosuSy  Monograptus  attenuattts,  &c.  To 
the  west  of  Gillespie  Burn  fragments  of  black  shales  may  be  seen 
in  the  fields,  and  even  knolls  of  black  shales  and  Barren  Mudstones 
occur.  But  the  folds  of  these  strata  appear  to  be  gradually  becom- 
ing narrower.  In  a  bmTi,  due  west  of  Culroy  Farmhouse,  where  a 
by-road  or  footpath  crosses  the  bum,  fragments  of  Monograptiis  were 
found'  in  blu&-black  shales  similar  to  those  near  Culroy.  Again, 
by  the  roadside  near  Machermore,  at  a  point  about  half  a  mile 
south-east  of  Whitefield  Loch,  fragments  of  indeterminable 
graptolites  were  obtained  from  similar  beds. 

The  evidence  given  in  the  foregoing  paragraphs  indicates 
that  in  the  Culroy  band  of  Moffat  Shales  the  representatives  of 
the  Birkhill  division  have  to  a  large  extent  disappeared,  and 
that  the  graptolites  of  the  D.  acuminntxis  zone  occur  in  dark 
seams,  interleaved  in  coarser  sediments.  This  change  becomes 
still  more  apparent  as  we  approach  the  northern  margin  of  the 
Llandovery  and  Tarannon  area  near  Glenluce.  A  section  exhibit- 
ing these  features  stretches  along  the  east  shore  of  Luce  Bay,  about  a 
mile  south  of  Glenluce,  between  the  Fish-house  and  the  Crow's  Nest. 
Beginning  near  the  Fish-house  and  advancing  southwards,  the 
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observer  finds  rusty  mudstones  resembling  the  Barren  Mudstones, 
and  calcareous  bands  with  beds  of  grey  wacke,  several  feet  in  thick- 
ness. These  are  followed  by  greywackes  and  blue  micaceous  shales 
and  mudstones,  with  dark  bands  and  streaks  sometimes  calcareous. 
All  the  beds  are  nearly  vertical  or  dip  at  high  angles  to  the 
south.  At  a  point  about  200  yards  south  of  the  Fish-house  two 
thin  dark  seams,  ten  yards  distant  from  each  other,  yield  graptoUtes 
sparingly.  The  more  northerly  layer  encloses  fine  specimens  of 
Climacotjraptics  normaiisy  together  with  Diplograptvs  acumitiatus, 
Glimacograptus  sp.,  and  the  siculce  and  the  young  stages  of  a 
IKmorphograptvs,  The  southerly  one  yields  siculce  of  graptolites 
and  the  same  attenuated  form  of  Glimacograpius,  These  are  followed 
by  massive  grey  greywackes  with  thin  bands  of  blue  shales. 

About  250  yards  south  of  the  foregoing  fossiKferous  localities 
certain  thin  bands  in  the  gi'eywackes  yielded  ClimacograptiLS 
abundantly.  About  half  a  mile  south  of  the  Fish-house,  beyond 
a  series  of  massive  greywackes  with  thin  shales,  dipping  sometimes 
to  the  north  and  sometimes  to  the  south,  fossiliferous  shales 
occur  on  the  shore  which  closelv  resemble  the  B,  acuminatus 
band  already  described  near  the  Fish-house.  Similar  graptolites 
are  obtained  in  great  abundance  in  certain  layers.  These  strata 
are  followed  southwards  by  mudstones,  resembling  lithologically 
the  Barren  Mudstones.  and  dip  to  the  N.N.W.  at  high  angles. 
About  100  yards  south  of  the  latter  exposure,  after  traversing 
massive  greywackes,  we  come  again  upon  the  blue  shales  with 
Lower  Birkhill  graptolites,  which  are  followed  southwards  to  the 
Crow's  Nest  by  greywackes,  grits,  and  thin  shaly  partings.  About 
nine  miles  to  the  E.N.E.  of  the  section  here  refen-ed  to,  in 
the  Tarf  Water  at  Waulk  Mill,  about  one  quarter  of  a  mile  south 
of  Kirkcowan,  Climacograptus  normalis  is  found  in  a  thick  dark 
seam  in  greywackes,  thus  confirming  the  disappearance  of  the 
Moffat  type  of  the  Birkhill  Shales  towards  the  northern  margin 
of  the  Llandovery  and  Tarannon  area. 

In  the  long  narrow  tongue  of  land  which  stretches  south  from 
the  sands  of  Luce  Bay  to  the  Mull  of  Galloway,  various  folds  of 
the  Mo&t  series  appear  in  the  midst  of  the  overlying  Llandovery 
strata.     (Sheets  1  and  3  of  Survey  Map.) 

Clanyard  Bay,  West  Coast  of  Rhinns  of  Galloway. 
— Important  sections  of  the  Mofiat  Shales,  ranging  from  the 
Barren  Mudstones  to  the  If.  spinigerus  zone  of  the  Birkhill  division, 
are  laid  open  in  this  bay,  which  is  about  a  quarter  of  a  mile  wide, 
measured  from  north  to  south.  The  exposures  are  confined  to  the 
north  and  south  limits  of  the  bay.  the  central  portion  being  covered 
with  sand  and  gravel  or  other  marine  alluvial  deposits  (Fig.  40). 

Beginning  with  the  section  at  the  north  end  of  the  bay,  the 
observer  finds,  as  he  proceeds  northwards,  that  an  excellent  expo- 
sure of  Barren  Mudstones  occupies  the  shore  for  a  distance  of  20 
yards  across  the  strike.  These  are  the  first  rocks  met  with,  and 
are  apparently  the  lowest  visible  beds  in  this  section.  They 
consist  of  red,  green,  and  grey  mudstones  with  nodules  of 
manganese  or  pisolitic  ironstone,  which  lie  along  the  bedding 
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planes,  and  measure  £rom  one  to  three,  and  in  some  instances 
six,  inches  across.  The  variation  in  colour  of  the  mudstonas 
from  red  to  green  and  ^ey  is  purely  local,  and  is  not  confined 
to  separate  bands.  The  strike  of  the  beds  is  a  few  degrees  to 
the  north  of  east,  the  dip  being  sometimes  to  the  north  and 
sometimes  to  tne  south. 

At  their  northern  limit  alternations  of  dark  and  green  mudstones 
may  be  observed.  The  junction  line  between  the  top  of  the  Barren 
Mudstones  and  the  overlying  Birkhill  Shales  is  traceable  along  a 
ridge  of  rock  through  the  gravel  of  the  beach.  About  a  foot  below 
the  base  of  the  Birkhill  Shales  a  seam  of  dark  or  black  shales  about 
half  an  inch  thick  furnishes  good  specimens  of  Biplograptus  trun- 
catiLS  and  Bicellograjpiua  anceps.  In  the  band  of  black  shales  in 
contact  with  the  Barren  Mudstones  specimens  o{  Monograptus  tenuis 
and  M,  attenuatus  were  obtained.  This  zone  is  succeeded  by  black 
shales  containing  the  following  forms  : 


Diplograptus  ctcuminatus  (Nich.) 
DimorphograpUAs  eUmgatus  (Lapw.) 
DwlograptiLs  vesictdoaus  (Nich.) 
Monograptus  tenuis  (Portl.) 


Monograptua  aUemuU/as  (Hopk.) 

,,  gregariu8  (Lapw.) 

diijuicograptua  normcdis  (Lapw.) 
,,  nov.  sp. 


To  the  north  of  these  shales  the  Barren  Mudstones  reappear  with 
a  north-west  dip.  They  here  show  a  blue  colour  in  fresh  fracture, 
but  weather  brown  or  yellow.  They  are  pierced  on  the  north  side 
by  an  intrusive  dyke  29  jFeet  broad.  This  dyke  is  succeeded  by  a 
mass  of  the  Lower  Birkhill  Shales,  visible  at  low  tide.  A  few  feet 
from  the  junction  with  the  igneous  rock  the  following  fonns  were 
obtained  from  these  shales  : 

Diplograptus   vesicuiostis  (Nich.)   in  I  Monograptua  tenuis  (Portl.) 

abundance  and  in  excellent  '  Diplograptus  confertus  (Nich.) 

preservation.  |  ,,  tamariscus  (Nich.) 

Monograptus  triangtdatus  (Hark.)  { 

Measured  from  the  north  edge  of  the  dyke  there  are  26  feet  of 
black  shales.  Northwards  a  change  takes  place  in  the  character  of 
the  sediments,  for  the  succeeding  16  feet  of  strata  consist  of  altei^ 
nations  of  blue  and  black  shales  and  clays,  with  nodules  of  ii*onstone 
and  limestone.  From  the  following  assemblage  of  graptolites 
obtained  from  them,  there  can  be  little  doubt  that  these  strata 
represent  the  M.  gregarius  zovs. 


Monograptus  gregarius  (Lapw.) 
tenuis  (Portl.) 
atteniuitus  (Hopk.) 
leptotheca  (Lapw.) 
Diplograptus  tamarisciis  (Nich.) 
Climacograptus  normalis  (Lapw.) 


>f 


j» 


>> 


Monograptus  cyphus  (Lapw.) 

, ,  trianguMus  (Hark. ) 

Petalograptus  palmasus  (Barr. ) 
Rastrites  peregrin/us  (Barr.) 
Dimorphograptus  Swanstoni  (Lapw.) 
Diplograptus  confeHus  (Nich.) 


A  fault  occurs  along  the  northern  margin  of  the  M.  ffregarius 
zone. 

To  the  north  of  the  outcrop  just  described,  a  succession  of  blue- 
black  shales  and  clays  represents  a  portion  of  the  Upper  Birkhill 
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division.  The  DipUxjrapttis  cometa  zone  has  not.  been  noted, 
but  a  rich  assemblage  of  forms  occurs  here  in  the  M,  spinigerus 
zone,  those  obtained  being  in  excellent  presei^vation : 

Mon4)graf^u»  spinigerus    (Nich.)    hi    i    Monograptus  HiMngen  {Chxt.) 


great  abundance. 
spiralis  (Geinitz.) 
aitenxiatus  (Hopk.) 
leptotheca  (Lapw.) 


Bdstrites  maximus  (Carr.) 
,,        didans  (Lapw.) 
PeUdograptus  folium  (His.) 


The  distance  of  the  M.  spiniyerus  zone  from  the  fault  is  10  feet, 
so  that  the  dislocation  is  evidently  of  no  great  magnitude.  To 
the  north  of  this  zone  two  dykes  make  their  appearance.  East  of 
the  northmost  dyke  jointed  greywackes  and  shales  occur,  >vith  a 
thin  dark  seam  about  a  quarter  of  an  inch  thick,  yielding  fragments 
of  graptolites. 

At  the  south  side  of  Clanyard  Bay  (Fig.  40)  the  black  shales  of 
the  Diplograptus  vedculostLs  zone  ai*e  seen  at  low  tide  dipping  at 
high  angles  to  the  north-west.  Specimens  of  this  zonal  graptolite 
have  been  collected  here,  together  with  Climacograptvs  normalis. 
These  strata  are  underlain  by  a  fine  display  of  the  Barren  Mud- 
stones,  which  occupy  the  beach  for  a  distance  of  41  feet.  At  a 
distance  of  29  feet  from  the  northern  limit  of  the  mudstones,  a 
narrow  band  of  black  shales  appears,  probably  an  infold  of  the  D. 
vesiculosiis  zone. 


N  Claiiyard  Bi^ 


4°^  KF^  F  gu- 

Fig.  40. — Section  in  Clanyard  Bay,  near  Mull  of  Galloway. 

3H'.  BaiTen  Mudstones.      4111.  Lower  Birkhill  Shales.      F.    Felsitc  dykes. 

f.  Fault.     S.L.  Sea  level. 

To  the  south  of  this  compound  arch  of  Barren  Mudstones  the 
shales  of  the  D.  vesiculosits  zone  succeed,  followed  by  the  black 
shales  and  clays  of  the  M.  grega/rius  zone,  which  in  turn  give  place 
to  blue-black  shales,  mudstones,  and  clays  of  the  Upper  Birkhill 
division,  that  graduate  outwards  into  greywackes  and  shales.  The 
general  dip  of  the  strata  is  to  the  north-west,  so  that  the  Mofiat 
beds  here  form  an  isoclinal  fold  inclined  to  the  N.N.W. 

Drumbreddan  Bay. — Proceeding  northwards  across  the 
strike  of  the  beds,  we  meet  with  the  next  exposures  of  the  Moflfat 
series  in  Drumbreddan  Bay  at  the  southern  limit  of  Sheet  4  of  the 
Geological  Survey  Map.  This  bay,  which  is  about  300  yards  wide, 
has  a  promontory  of  rock  in  the  centre,  dividing  it  into  two 
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portions.  The  section  which  it  affords  is  not  continuous,  for  a 
large  part  of  the  beach  is  occupied  with  sand. 

The  ridge  of  rock  that  runs  seawards  in  the  centre  of  the  bay  is 
bounded  to  the  north  and  south  by  a  broad  expanse  of  sand.  On 
the  south  side  of  the  rocky  promontory  at  low  tide  a  small  arch  of 
black  shales  occurs  in  a  series  of  blue-black  shales,  with  seams  of 
clay,  peering  through  the  sand.  From  the  black  shales  Monograptus 
grecfOTvas,  M.  triangvlaius,  Rastriies  peregrinvs,  Climacograpius 
normaiis,  and  Diplograpivs  have  been  collected. 

These  strata  are  succeeded  on  the  north  side  by  grey  clayey 
shales,  dipping  south  at  about  80**,  with  dark  seams  in  thin  leaves, 
from  which  the  following  forms  were  obtained :  Bastrites  peregrinuSy 
MonograptiLS  tenuis,  if.  atienuaias,  M,  Hisingeri,  ClimacograpitiSj 
and  Diplograpivs,  They  are  followed  northwards  by  grey  shales, 
which  enclose  grey  limestone  nodules  varying  in  size  from  a  few 
inches  to  a  foot  across,  and  alternate  with  bands  of  flaggy  grey- 
wackes  that  become  thicker  and  more  gritty  as  they  are  traced 
outwards  from  the  Birkhill  Shales.  The  section  is  interrupted  by 
small  faults. 

South  of  the  promontory  an  expanse  of  sand  stretches  for  a 
distance  of  80  yards.  At  the  southern  limit  of  the  bay  grey  shales 
with  dark  seams  occur,  containing  limestone  nodules  varying  in 
size  from  a  few  inches  to  a  foot  or  two  across.  These  shales  are 
interleaved  with  greywacke  bands,  the  series  graduating  south- 
wards into  massive  grits  and  shales.  The  grits  enclose  limestone 
nodules  which  weather  out.  The  beds  dip  to  the  S.S.E.  at  angles 
of  about  80^ 

Proceeding  now  to  the  section  north  of  the  central  promontorj', 
where  alternations  of  grits  and  shales  form  the  last  visible  rock- 
exposures,  the  observer,  after  crossing  a  belt  of  50  yards  of  gravel 
on  the  beach,  finds  another  fold  of  the  Moffat  Shales  at  the  north 
limit  of  the  bay.  Here,  at  low  tide,  at  the  base  of  the  rocky  cliff, 
black  shales  in  grey  clayey  bands  have  yielded  the  following  forms 
belonging  to  the  M.  (jregarius  zone  : 

Motuxjraptus  gregariv^  (Lapw. )  PetaUxjraptus  paltmtus  (Barr. ) 

tenuis  (Portl.)  Clim<ico(fraptu9  nonncdis  (Lapw.) 


>> 


leptotheca  (Lapw.)  ,,  innotatus  (Nich.) 

finibriatus  (Nich.)  Dawstmia  campanulcUa  (Nich.) 

triangulatiuf  (Hark.)  Siculte  of  graptolites. 


Eiist rites  jxiregrinu^  (Barr.) 

These  beds  are  succeeded  at  the  base  of  the  cliff  by  grey  shales 
with  dark  films,  like  those  on  the  south  side  of  the  central 
promontoiy,  and  then  by  sandy  greywackes  and  shales. 

Grennan  Bay. — Round  the  headland  of  Grennan  Point, 
brown-crusted  grits,  greywackes,  and  shales  occupy  the  shore 
section  as  far  as  Grennan  Bay,  where  a  fine  section  of  Birkliill 
Shales  is  exposed.  At  the  south  limit  of  the  bay  massive  grits  and 
shales  dip  south-east,  the  beds  immediately  in  contact  with  them 
consisting  of  black  shales  with  clayey  seams.      These  black  shales 
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yield  graptolites  in  excellent  preservation,  belonging  apparently  to 
the  3f.  grega/riua  zone : 

Monograptus  gregarius  (Lapw.)  Monograptus  lobiferus  (M*Coy.) 


tenuis  (Portl.) 
attenuattu  (Hopk.) 
leptoiheca  (Lapw.) 
triofigulatus  (Hark.) 


Bastrites  peregrimu  (Barr. ) 
Climacoffraptus  normalis  (Lapw.) 
Dotosonia  camjpantiZato  (Nich.) 


These  strata  contain  limestone  nodules  &om  three  inches  to  a 
foot  across,  and  are  traversed  by  a  fault  with  a  downthrow  to  the 
south.  The  black  shales  with  limestone  nodules  yield  Di/^io- 
grapiiu  conferiua  and  a  form  like  Monograptus  runcijuitus, 

Further  north,  black  shales  of  the  Bxphgraptus  vesicuhsus^'LonQ 
contains  D.  vetnculosm,  Monograptus  gregcurius,  M,  attenuatus,  M, 
tenuis^  Climacograptus  iiormalisj  Dimorphograptus  eUmgatuSy  and 
DipU>gra/ptu8  ta/mariscus, 

A  constant  repetition  of  the  Lower  Birkhill  black  shales,  chiefly 
of  the  D,  vesicidosus  zone,  may  be  traced  northwards  till  an  arch  of 
Barren  Mudstones  is  reached  with  flinty  bands  from  seven  to  eight 
yards  broad.  On  the  noi*th  side  of  this  arch  there  is  a  seam  of 
black  shale  about  one  inch  thick,  followed  by  the  Birkhill  black 
shales.  From  the  flaggy  black  shales  the  following  forms  were 
collected  :  Clirruicogrwptus  Ttormalis,  Monograptus  tenuis,  and  IHplo- 
graptus  tamariscus.  The  next  strata  are  black  shales  alternating 
with  grey  clays,  succeeded  by  greywackes  and  shales.  There 
seems,  however,  to  be  a  line  of  fault  at  the  north  edge  of  the  black 
shale  series.  This  fine  exposure  of  the  Birkhill  Shales  occupies 
the  coast  line  for  a  distance  of  about  70  yards. 

Section  near  Float  Bay. — ^About  2^  miles  to  the 
north  of  the  Grennan  Bay  band  of  black  shales,  another  exposure  of 
some  members  of  the  Birkhill  division  may  be  seen  about  a  quarter 
of  a  mile  to  the  north  of  Float  Bay.  Grey-blue  shales  with  dark 
micaceous  sandy  seams  occur  on  the  north  side  of  the  bay,  succeeded 
northwards  by  greywackes,  grits,  and  shales.  In  the  Dove  Cave 
Bay,  representatives  of  the  M.  gregarius  zone  are  met  with,  as 
shown  on  the  accompanying  ground-plan  (Fig.  41). 

At  A,  on  the  cliff  section,  a  zone  of  dark  sandy  shales  con- 
tains Monograptus  tenuis,  M,  attetiv/itus,  Biplograptus  tamariscus, 
Climacograptus  normalis,  and  sicuice  of  graptolites.  These  beds 
seem  to  be  thrown  by  a  fault  to  the  south  side  of  the  bay,  for  at 
B  they  have  yielded  Monograptus  gregarius,  M.  tenuis,  M,  attemuatus, 
Climacograptus  normalis.  They  contain  limestone  nodules  from  a 
few  inches  to  a  foot  thick.  In  the  centre  of  the  shales  at  B  a 
synclinal  fold  of  grit  maybe  observed  to  be  marked  with  holes  formed 
by  the  weathering  out  of  calcareous  nodules.  Another  exposure  of 
shales  with  limestone  nodules,  probably  on  the  same  horizon,  is 
seen  on  the  shore  a  short  distance  to  the  north  (White  Laii'd's 
LfOup,  &c.). 

Slunk  rainy. — In  the  bay  about  300  yards  south  of  Slunk- 
rainy,  fossiliferous  beds  appear,  which  probably  occupy  the  horizon 
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ot  the  M.  gregariua  zone.     They  couaist  of  blue  shales  with 

black  STrains,  dark  sandy  shaleB  with  limestone  nodnles  and 
interleaved  with  greyw-ackes.  The  sandy  shales  have  yielded 
Climacoijraplus,  Monoyraptiu,  and  Dawsonia  ca-mpan'uiata. 


WJUl*  LioirtU 


c 


Fid.  41.— PIhu  uf  Shore  at  DuveCave,  FluubBay,  W«ut  Coaal^f  Rhinnaof 

Gftllovray. 

4111.  Lower  Birkhill  Shalea.     4.  Graywacke  and  shale  (Llandovery),     a.  Qrit 

with  limeatone  iiodules.      F.  Felxite  dykos.     f.   Fault. 

Immediately  to  the  north  of  Slunkrainy  Point  a  good  develop- 
ment of  blue-black  shales  with  limestone  nodnles  may  be  seen. 
In  a  oave  at  this  part  of  the  coast  a  black  shale  foiiiis  the 
roof,  from  which  were  obtained  specimens  of  Cliviucofjraptvs 
Tumnalw,  Monograpius,  and  Viploip-aptus  tainariscus.  To  the 
north,  these  fossiliferous  zones  are  succeeded  by  a  great  develop- 
ment of  groy  shales  and  mudtitones.  The  general  dip  of  the 
strata  is  to  the  S.S.E,,  but  it  is  certain  that  these  shales  with 
gi-eywacke  bands,  though  they  extend  along  the  coast  line  for 
some  distance,  ai-e  isoclinally  folded. 

At  a  point  where  a  bum  falls  over  the  cliff  into  the  sea,  about  a 
quarter  of  a  mile  south  of  Money  Head,  a  band  of  black  shales 
affords  specimens  of  Monoijruptus  ip-n<jarius,  M.  tenuis,  M.  atteiitiaivs, 
M.  ajphus,  M.  leplotheca,  Climacograptits  iwrmulis,  and  Ban'somu. 
C'linjxinid^da,  and  probably  represents  the  M.  gregarius  zone.  It  is 
the  most  noi-therly  exposure  of  any  recognisable  fossiliferous  zone 
representing  the  Birkhill  Shales  on  the  coast  line  between  the  Mull 
of  Galloway  and  Portpatrick.     Northwards  this  band  is  followed 
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by  shales,  greywackes,  and  grits,  occupying  the  cliffs  at  Money 
Head  and  Scarty  Head  towards  Caimsgarroch  Bay. 

Fi'om  the  evidence  supplied  by  the  various  exposures  of  the 
Moffat  series  on  the  shore  between  the  Mull  of  Galloway  and  Money 
Head,  we  may  deduce  the  following  conclusions.  The  lowest 
>48ible  beds  are  the  Barren  Mudstones,  and  the  highest  belong  to 
the  M.  »pint(/eiru8  zone  of  the  Upper  Birkhill  division.  The  type  of 
mudstones  representing  the  Upper  Hartfell  group  closely  resembles 
that  in  the  Mofiat  area ;  while  the  dark  band  near  the  top,  with 
Dicellofjrajyttis  anceps  and  BiplograiAus  truncaius,  is  still  met  with. 
The  lower  division  of  the  Birkhill  group,  with  its  subordinate  zones  of 
Diplograittiis  a^uminatus,  Diplograptus  vesiculoms,  and  Monograptvs 
gregariiis,  is  clearly  recognisable,  resembling  closely  the  Moffat 
equivalents  both  in  lithological  characters  and  fossil  contents. 
Further,  it  seems  clear  that  in  Clanyard  Bay  at  least,  and  probably 
in  the  Grennan  Bay  arch,  representatives  of  the  Upper  Birkhill 
division  occur,  including  the  Cephalograptvs  cometa  and  M,  spini- 
gems  zones.  No  trace,  however,  of  the  M,  spinigerus  zone  has  been 
recorded  to  the  north  of  the  Grennan  Bay  anticline  in  Sheet  3. 

It  is  furtheir  observable  that  a  marked  change  has  supervened 
in  the  lithological  characters  of  the  strata  between  Clanyard  Bay 
and  Drumbr^dan  Bay  to  the  north.  The  beds  representing  the 
M,  spinigerus  zone  in  Clanyard  Bay,  as  already  indicated, 
consist  of  blue-black  shales,  mudstones,  and  clays;  while  in 
Drumbreddan  Bay  this  zone  seems  to  be  represented  by  grey 
shales  with  dark  seams  containing  limestone  nodules,  followed 
immediately  by  flaggy  greywackes  and  shales.  In  like  manner 
the  beds  included  under  the  M.  gregarius  zone  consist  in  Clan- 
yard  Bay  of  black  shales  and  clays ;  while  several  miles  to  the 
north,  near  Slunkrainy,  the  fossils  of  this  zone  appear  in  dark 
sandy  shales  interleaved  in  greywackes. 

This  gradual  change  in  the  character  of  the  sedimentation  of 
the  Birkhill  group,  as  we  proceed  northwards,  is  a  feature  which, 
as  already  indicated,  is  characteristic  of  the  whole  Silurian  Table- 
land. It  is  one  which  has  occasioned  considerable  difficulty  in 
drawing  a  base  line  for  the  northern  limit  of  the  Llandovery  and 
Tarannon  Rocks. 
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CHAPTEE  X. 

THE  CENTRAL  BmJU—cordinued, 

BLACK  SHALE  BANDS  EAST  OF  PEEBLES  AND  SELKIRK. 

Along  the  south-eastern  margin  of  the  Silurian  Tableland, 
the  Silurian  rocks  are  buried  under  younger  Palaeozoic  strata 
mainly  of  Upper  Old  Red  Sandstone  age.  Indeed,  the  red  sand- 
stones and  conglomerates  of  the  latter  formation  stretch  nearly 
across  the  tableland  in  Lauderdale,  where,  as  already  indicated, 
they  fill  an  old  Palseozoic  vaJley.  Further  east,  between  Long- 
formacus  and  Dunbar,  a  narrow  belt  of  similar  strata  steals 
across  the  Silurian  territory.  Hence,  the  Tarannon  Rocks  between 
Lauderdale  and  St.  Abbs  Head  form  isolated  areas  separated  from 
each  other  by  Upper  Old  Red  Sandstone. 

Throughout  the  eastern  portion  of  the  Llandovery  and  Tarannon 
belt  few  axial  folds  expose  representatives  of  the  Moffat  series. 
Those  which  do  appear  are  not  very  satisfactory,  as  the  order  of 
succession  and  the  relations  of  the  strata  are  not  very  clearly 
defined.  Nevertheless,  there  is  important  evidence  to  prove  the 
intercalation  of  grits  and  other  sediments  in  the  Birkhill  division 
of  the  Moffat  series,  near  Innerleithen,  in  the  Lugate  Water, 
and  in  the  Gala  Water  near  Fountainhall. 

There  is  one  section,  however,  where  some  of  the  sub-divisions 
of  the  Moffat  series  still  preserve  the  lithological  types  of  the 
Moffat  region,  viz. :  in  the  Rhymer's  Glen,  near  Melrose. 

Rhyme r's  Glen,  Melros e. — ^The  stream  flowing  through 
this  romantic  glen  rises  on  the  slopes  of  the  Bowden  Moor,  about 
half  a  mile  to  the  east  of  Goldshiels  Loch,  and  runs  in  a  northerly 
direction  towards  Huntlybum  House.  In  the  lower  part  of  its 
course  it  traverses  volcanic  tuff  of  later  date  than  Silurian  time 
(probably  Carboniferous),  of  which  a  fine  section  is  exposed  in 
the  channel  of  the  stream,  where  it  contains  large  bombs  of 
trachyte.  At  its  southern  limit  the  tuff  is  mainly  composed  of 
angular  blocks  of  greywacke.  The  junction  of  the  two  rocks  is 
visible  in  the  stream,  a  few  yards  below  the  point  where  it  is 
joined  by  a  small  tributary  on  the  west  side.  Here  the  grey- 
wackes  and  shales  at  the  side  of  the  footpath  on  the  west  side  of 
the  stream  are  truncated  by  the  tuff.  Some  of  the  bands  of  shale 
are  silky,  resembling  the  grey  shales  containing  M,  SedgudcM  in 
the  Upper  Birkhill  division  of  Moffat.  (>ossing  the  small 
tributary,  and  following  the  footpath  southwards,  we  may  still 
trace  greywackes  and  shales  on  the  west  bank  of  the  stream  and 
at  the  side  of  the  footpath.   They  are  succeeded  by  grey  mudstones, 


Diphtfraptus  foliactiis  (Murch.^ 

q'ti€ulninncronatus  (Hall. ) 


I* 
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which,  weathering  brown  and  resembling  Barren  Mudstones,  are 
visible  at  the  side  of  the  footpath  and  dip  S.S.E.  It  is  probable 
that  a  fault  intervenes  between  these  mudstones  and  the  grey wackes 
and  silky  shales  to  the  north. 

The  Barren  Mudstones  are  followed  on  the  south  side  by  a 
fine  exposure  of  black  shales,  vertical  or  nearly  so,  in  the  stream 
and  at  the  side  of  the  footpath.  These  shales  yield  graptolites  of 
Hartfell  age,  as  given  in  the  following  list : 

ClimdcograptiM  hicarnia  (Hall.) 
Dicellogmptiis  Forchhanimeri  (Gein.) 
8p.  '  ,,  like  Morrisi  (Hopk.) 

Dicranograptus  sp,  \  ,,  sp. 

RdioLiU*  (i^euroffraptu8)Jibratus         \    Leptogrxiptus  Jktccidu*  (Hall.) 

(Lapw.)       Sipfumotreta  micula  (M*Coy.) 
(Mimaeograptus  tubuliferus  (Lapw.) 

A  fault  truncates  the  southern  margin  of  the  black  shales,  and 
brings  them  in  contact  with  Barren  Mudstones,  which  dip  south- 
east on  the  bank  of  the  bum.  Further  up  stream,  the  brown 
mudstones  are  succeeded  by  greywackes  and  shales,  which  are 
pierced  by  a  trachyte  dyke.  At  the  waterfall,  crushed  black  shales 
appear  on  the  cliff  on  the  east  bank  of  the  stream,  which  are  so 
shattery  that  fossils  are  diflScult  to  obtain  in  them.  They  are 
followed  on  the  north  side  by  grey  grejrwackes  and  shales,  and  on 
the  south  side  by  greywackes,  that  form  the  waterfall  and  dip  to 
the  north  at  75".  The  latter  are  succeeded  on  the  south  side  by 
greywackes  and  shales  with  silky  seams,  which  have  yielded  to 
Professor  Lapworth  graptolites  of  Upper  Birkhill  age. 

Further  up  stream,  a  fine  trachyte  dyke,  which  shows  fluxion 
structure,  runs  along  the  west  bank,  and  at  the  footbridge  crosses 
the  bum,  where  it  is  in  contact  with  greywackes  and  shales. 

Coldshiels  Loc h. — About  three-quarters  of  a  mile  to  the 
west  of  the  section  just  described,  the  representatives  of  the  Moffat 
series  reappear  at  the  S.E.  margin  of  Coldshiels  Loch,  the 
intervening  ground  being  covered  with  drift.  When  the  loch 
is  low  and  a  flat  selvage  of  its  floor  is  exposed,  grey  shaly  mud- 
stones, red  shales,  and  greywacke  bands  with  dark  seams  are 
visible.  These  dark  seams  yield  fossils  in  considerable  abundance, 
belonging  to  the  horizon  of  the  Birkhill  division  and  the  lower 
portion  of  the  Tarannon  beds  ;  as  in  the  subjoined  list : 

Monograptus  »pinigeru8  (Nich.^ 
spiralis  (Greinitz.) 
leptotheca  (Lapw.) 
cyphMs  (Lapw.) 
SedgxfAcki  (Portl.) 
Hisingeri  (Carr.) 
communis  (Lapw.) 
aiteiwatvs  (Hopk.) 
triangtUatus  (Hark.) 


Monograptus  lobiferus  (M*Coy.) 
,,  prxodon  (Bron.) 

, ,  turricuLat'Us  (Barr. ) 

Diplograptus  tamariscus  (Nich.) 
,,  sirvuatus  (Nich.) 

„  sp. 

Petalograptus  palmctus  (Barr.) 
„  sp. 

Clima>cograptus. 


On  a  knoll  about  100  yards  south-east  of  the  loch,  in  cultivated 
ground,  debris  of  black  shales  occurs,  in  conjunction  with  grey- 
^inckes.     The  horizon  of  these  shales  has  not  been  proved. 
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Lindeau  Glen . — Westwards,  about  a  mile  from  Coldshiels 
Loch,  the  Moffat  Shales  are  again  met  with  in  a  small  bum  about 
a  third  of  a  mile  to  the  north  of  Lindean  Farmhouse.  At  the  head 
of  the  rocky  gorge,  greywackes  and  shales  with  white  clays  and 
dark  seams  are  seen,  followed  further  down,  at  the  old  "  coal-pit," 
by  black  shales  of  the  D.  vesiculosiLs  zone.  These  are  succeeded  by 
mudstones  and  crushed  black  shales,  while  at  two  localities  contorted, 
much-jointed  grey  radiolarian  cherts  appear.  Above  the  outcrop 
of  the  cherts,  the  black  shales  are  truncated  by  a  fault  for  a  short 
distance  along  the  north-east  bank  of  the  stream.  The  shales  at 
this  point  are  much  crushed  and  veined  with  quartz,  and  grapto- 
lites  are  not  easily  obtained  from  them. 

Further  do\^Ti,  on  the  north  bank,  greywackes,  clays,  and  dark 
seams,  followed  by  grey  and  red  mudstones,  are  succeeded,  on  the 
right  bank,  by  black  shales  associated  with  grey  shales  and  clays, 
which  have  afforded  the  following  Birkhill  fossils  : 


Badrites  maximtis  (Carr.) 

,,        perecf^riniis  (Barr.) 
MoiUHfinptus  sptnigerus  (Nich.) 


Monogra/ptus  IMferus  (M*Coy.) 
, ,  Hidngeri  (Carr. ) 

,,  atteniuUus  (Hopk.) 


The  follo\ving  species,  ranging  from  the  GUmacograptus  WUsoni 
zone  to  the  Monograptus  gregarius  zone,  were  collected  many  years 
ago  from  the  beds  in  Lindean  Glen  by  the  Geological  Survey : 


Monograptus  gregarius  (Lapw.) 

,,  tenuis  (Portl.) 

dimacograptiis  normalis  (I^pw.) 
Diplograptus  acumiiuitus  (Nich.) 
,,  foliaceus  (Murch.) 


Lasiograptus  sp. 

DiceUograptus  Forchhamfimeri  (Gein.) 

Buthograptus  lanciis  (Hall.) 

„  sp. 

SicuUe  of  graptolites. 


This  locality  is  important  from  the  occurrence  of  the  rare  form 
Buthofjraptits,  the  horizon  of  which  has  recently  been  proved  in  the 
Hartfell  Scar  section  (Moffat),  viz. :  at  the  base  of  the  Gliniaco- 
graptus  Wilsojii  zone.     (See  Page  137.) 

From  the  evidence  obtained  along  the  line  extending  from 
the  Rhymer's  Glen  to  Lindean  Glen,  it  is  clear  that  the  relations 
of  the  Moffat  series  have  been  much  disturbed  by  faulting. 
Originally  they  must  have  been  arranged  as  anticlinal  arches.  In 
the  Rhymer's  Glen,  the  lowest  beds  exposed  ai^e  probably  the 
Hartfell  black  shales,  succeeded  by  the  Barren  Mudstones.  The 
D.  vedcuhsus  bands  of  the  lower  Birkhill  horizon  ai'e  not  recog- 
nisable, but  the  representatives  of  part  of  the  Upper  Birkhill 
division  occur. 

River  Tweed,  Leaderfoot. — On  the  banks  of  the  Tweed 
at  Leaderfoot  Bridge  much  shattered  and  crushed  black  shales 
appear,  which  have  yielded  Dipbgraptas  folidcetis,  Glimacograpius 
tulpulifenis,  Pletirograpttts  linearis. 

Pirn  Quarry,  Innerleithen. — In  the  exposures  just 
referred  to,  some  of  the  sub-divisions  of  the  Moffat  series  still 
preserve  the  characteristics  met  with  in  the  Central  Moffat  area ; 
but  in  the  valley  of  the  Tweed,  upwards  to  near  Innerleithen, 
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evidence  of  the  intercalation  of  members  of  the  Birkhill  group  in 
coarser  sediments  has  been  obtained  by  Professor  Lapworth,  the 
late  Mr.  R.  Mathieson,  Innerleithen,  and  Mr.  Wilson,  Galashiels. 
For  example,  in  the  Pirn  Quarry,  by  the  roadside,  about  three- 
quarters  of  a  mile  east  of  Innerleithen,  hard  blue  grits  with  bands 
of  grey  and  dark  shales,  to  all  appearance  regularly  interbedded  in 
them,  include  a  band  or  lenticle  of  dark  sandy  shales  lying  on  the 
face  of  the  quarry,  whence  the  following  collection  of  graptolites 
was  obtained  by  the  late  Mr.  R.  Mathieson,  and  named  by  Professor 
Lapworth  : 


Mcnograptus  cyphus  (Lapw.) 
argutus  (L»pw.) 
leptotheca  (Lapw.) 
crenularis  (Lapw.) 
tenuis  (Portl.) 


?» 


»? 


)* 


Climacoffraptus  normalis  (Lapw.) 
Dawsonia  campanxdata  ^Nicn.) 
Discinocaris  hrowniana  (Woodw.) 
Orthoceras. 


The    following   assemblage    was    collected    by   Mr.    Wilson, 
Galashiels,  from  the  same  quarry : 


Monograptus  cyphus  (Lapw.) 

gregarius  (Lapw.) 
argutus  (Lapw.) 


9» 


MonograpPus  att^nuatiis  (Hopk.) 
,,  crenularis  (Lapw.) 

Climacograptus  normalis  (Lapw.) 


Woolandslee  Burn  (Leithen  Water  Basin). — ^North- 
wards from  Innerleithen,  the  gradual  disappearance  of  the 
representatives  of  the  Birkhill  Shales  is  still  more  apparent,  for 
only  fragments  of  undoubted  Monograptidw  and  other  forms  are 
obtainable  in  thin  films  intercalated  in  coarse  sediments.  About 
five  miles  up  the  Leithen  Water,  this  stream  receives  the  Woo- 
landslee Bum,  in  which,  about  a  mile  up  from  the  foot,  brown, 
cleaved,  micaceous  shales  appear,  resembling  the  Lowther  Shales, 
and  having  a  general  dip  to  N.N.W.  At  a  point  on  the  west  bank 
of  the  stream  opposite  Woolandslee  Tower,  a  form  resembling 
Diploffrapttis  tama/riscus  was  found  in  a  dark  blue  seam.  Rather 
more  than  half  a  mile  further  up,  and  about  70  yards  above  the 
junction  of  a  small  bum  on  the  east  side  of  the  valley,  several 
graptolites  were  found  in  thin  fissile  shales  with  dark  seams.  The 
shales,  which  occur  on  the  west  bank,  are  shattery,  iron-stained, 
and  break  into  thin  splintery  fragments.  From  these  beds  tw^o 
species  of  Climacograptus,  Monograptus  tenuis,  Dimorphograptus, 
and  Diplograptus  were  obtained.  All  these  forms  are  here  small. 
The  peculiar  shales  that  contain  them  closely  resemble  those  at  the 
roadside  near  Bower,  on  the  Gala  Water,  to  be  described  presently. 
They  are  here  associated  with  blue  flags  and  greywackes,  either 
vertical  or  dipping  down  stream  at  angles  from  70**  to  80°  In 
this  stream  also,  at  the  bend  above  Thorter  Glexxch,  and  about 
a  mile  from  the  watershed,  a  section  shows  alternations  of  white 
clayey  bands  and  grey  jmudstones  or  shales  with  black  or  dark 
seams,  the  latter  yielding  fragments  of  very  minute  graptolites 
(Cliififvacograptus  and  Diplograptus),  This*locality  is  not  far  south 
of  the  boundary  line  of  the  Llandovery  Rocks. 

N 
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Ladyside  Burn  (Basin  of  the  Heriot  Water). — Still 
further  to  the  north-east,  graptolites  belonging  to  the  Lower 
Birkhill  division  have  been  obtained  from  thin  seams  in  massive 
grits  and  greywackes  in  the  Ladyside  Bum,  a  tributary  of  the 
Heriot  Water,  eight  miles  north  of  Innerleithen.  Tlie  Llandovery 
boundary  line  crosses  this  bum  about  1100  yards  south  from  its 
point  of  junction  with  the  Heriot  Water.  North  of  this  line  a  fine 
development  may  be  seen  of  brown  shales  and  mudstones,  with 
limestone  nodules  ;  while  to  the  south  massive  grits  supervene  with 
blue  leaf-like  seams,  in  which  occur  fragments  of  Birkhill  grapto- 
lites. The  best  fossiliferous  locality  in  this  neighbourhood  lies 
about  a  mile  up  stream  from  the  junction  with  the  Heriot  Water. 
Here  specimens  of  Clirn^icographis  ruyrntalia,  Monograptiis  attenuaiu8y 
M.  tenuis  (?)  were  obtained ;  also  the  proximal  portions  of  grapto- 
lites, either  Monograptvs  or  Dimorphograpttis, 

Wolf  Clench,  Dewar  Water. — ^Again  in  the  small 
tributary  of  the  Dewar  Water  named  Wolf  Clench,  about  seven 
miles  north  of  Innerleithen,  dark  seams  in  the  greywackes  enclose 
fragments  of  Climacograptus  like  those  intercalated  in  the 
Llandovery  grits  in  Ladyside  Bum.  The  Gala  Water  at  Fountain- 
hall,  and  the  Lugate  Water,  with  its  tributaries,  supply  additional 
evidence  of  the  intercalation  of  various  sub-zones  of  the  Birkhill 
Shales  in  grits,  conglomerates,  greywackes,  and  shales,  as  shown 
by  Professor  Lapworth.  It  would  thus  appear  that  various 
sediments  of  considerable  thickness  are  interbedded  with  the 
Birkhill  sub-divisions,  ranging  from  the  D.  acuminaius  zone  to 
that  of  Monograptus  spinigenis,  [^^Sections  illustrating  this  feature 
occur  near  Fountainhall  Station,  and  in  tributaries  of  the  Gala 
Water  that  drain  the  western  side  of  the  valley. 

Quarry  at  Bower,  near  Fountainhal  1. — ^In 
this  quarry,  at  the  roadside,  on  the  east  bank  of  the  Gala  Water, 
about  half  a  mile  north  of  Fountainhall  Station,  a  thin  band 
of  blue-black  flak}^  shales  is  interleaved  in  greywackes  and 
shales,  yielding  graptolites  sparingly,  and  of  no  great  variety, 
viz.  :  Gliinacocjrapixis  normalis,  IHplograptiiSf  and  sicuke  of 
graptolites.  Not  improbably  this  band  may  be  on  the  horizon  of 
the  D.  acuTmnatiis  zone.  The  strata  exposed  by  the  roadside  south 
of  the  quariy  consist  of  grits,  greywackes,  flags,  and  shales,  dipping 
mainly  to  the  noi'th-west. 

Still  Burn . — In  this  tributar\%  which  unites  with  the  Gala 
Water  about  a  quarter  of  a  mile  to  the  south  of  Fountainhall 
Station,  some  of  the  bands  exposed  have  been  coiTelated 
by  Professor  Lapworth  with  those  of  the  Z?.  acuminaius  zone. 
Near  the  foot  of  the  bum,  at  a  point  about  400  yards  westwards 
from  the  Still  Burn  bridge,  in  a  small  tributary  rivulet,  grey, 
flaky,  iron-stained  shales  occur,  like  those  in  the  Bower  Quarry. 
In  the  Still  Bum,  west  from  [the  wood,  the|  strata  resemble  litho- 
logically  the  Hawnck  Rocks.  Further  up  the  stream,  and  not  far 
to  the  west  of  Howliston  Farmhouse,  blue-grey  shales  appear  which 
might,  on  further  examination,  prove  to  be  fossiliferous.  They  are 
exposed  only  at  intervals,  and  consist  for  the  most  part  of  grey-blue 
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sandy  shalea  with  occasional  flags,  and  as  a  rule  are  much  crushed 
and  shattered. 

Sit  Bur  n. — Crossing  the  watershed  to  the  Sit  Bum,  which 
joins  the  Lugate  Water  about  half  a  mile  to  the  west  of  Over- 
shiels,  we  find  massive  pebbly  grits  or  conglomerates  at  a  point 
about  a  mile  up  from  the  junction,  not  far  below  the  spot  where 
the  Heathery  Bum  is  crossed  by  a  stone  dyke.  Above  the  junction 
of  the  two  small  streams,  the  Heathery  and  Femie  Bums,  which 
unite  to  form  the  Sit  Bum,  an  exposure  of  grey  thick  mudstone 
bands  is  succeeded  soutwards  by  grits,  the  whole  dipping  up  stream. 
Below  the  junction  of  the  streams  shales  and  sandy  mudstones  dip 
north-north-west  at  high  angles,  and  are  followed  by  grits.  At  a 
point  half  a  mile  up  from  the  foot  of  the  Sit  Bum  similar  shales 
and  mudstones  appear.  A  little  further  down  this  stream,  blue- 
grey  sandy  shales  yield  Climacogra(ptus  normalis.  These  strata  are 
followed  southwards  by  alternations  of  grits  and  shales,  till,  at  and 
near  the  foot  of  the  bum,  greenish  thick-bedded  flaggy  worm-piped 
shales  are  met  with. 

Lugate  Water. — The  geologist  who  ascends  this  stream 
above  the  foot  of  the  Sit  Bum  comes  upon  the  same  worm-piped 
blue  flaggy  shales,  together  with  grey  shales  and  blue,  almost 
black,  mudstones.  At  one  point  about  300  yards  west  from  the 
foot  of  the  Sit  Bum,  blue,  almost  black,  mudstones  and  shales, 
which  yield  Climdcograpius,  can  be  followed  to  the  foot  of  the  Ewes 
Water.  About  half  a  mile  up  the  Lugate  Water  from  that 
confluence  an  important  section  is  to  be  seen  in  which  certain 
bands  famish  a  suite  of  fossils  characteristic  of  the  M.  gregarius 
zone.  Here  the  stream  divides  near  the  west  margin  of  Sheet  25 
of  the  Survey  Map.  About  32  yards  below  the  forkings,  grey 
sandy  platy  shales  occur  dippiiig  up  stream  (N.N.W.)  about  70*". 
These  contain  dark  or  black  seams  alternating  with  grey  shales, 
which  have  supplied  the  following  forms  : 

Monogra/ptus  gregarius  (Iadw.)  |    Diplograptus  tamariscus  (Nich.) 

atienuatus  (Hopk. )  Petcdograpt'us  palmceus  (Barr. ) 


triangidat'us  (Hark.) 
Sandersani  (Lapw. ) 
cancinnus  (Liapw.) 
lobiferus  (M'Coy.) 


Climacograptus  normalis  (Lapw.) 
Rastrites  peregrinus  (Barr. ) 
Discinocaris  browniana  (Woodw.) 
Pdtocaris  aptychoides  (Salt.) 


These  strata  are  followed  northwards  by  pebbly  grits  and  grey- 
wackes,  visible  a  few  yards  above  and  below  the  fork.  On 
the  south  side,  the  M,  gregarius  beds  are  likewise  succeeded  by 
grits,  followed  by  sandy  dark  shales  with  calcareous  ribs,  and  sandy 
mudstones  with  dark  streaks  yielding  graptolites.  Grits  come  next 
for  a  short  distance,  till  at  a  point  at  the  head  of  an  alluvial  plain, 
about  250  yards  below  the  fork,  grey-blue  shales  with  dark  streaks 
yielding  Bastriies  perec^rinus,  Climojcograpius  normalis^  and  Diplo^ 
graptus,  are  met  with.  For  a  distance  of  400  yards  down  stream 
no  rocks  are  exposed,  for  the  stream  flows  along  an  alluvial  flat. 
At  a  point,  however,  100  yards  up  from  the  junction  with  the  Ewes 
Water,  on  the  west  bank,  grey,  sandy,  shaly  grey wackes  and  shales 
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with  dark  strains,  may  be  seen,  from  which  the  following  forms 
were  obtained,  viz. :  Monograptus  spinigerus,  M,  attemtaitts,  M, 
tenuis,  &c. 

Ewes  Water  (Trously),  tributary  of  the  Lugate  (Lugate- 
head). — This  stream,  above  its  junction  with  the  Lugate,  lays  bare 
a  good  section  of  blue  flaggy  shales  with  grey  sandy  mudstones, 
and  exposes  also  a  band  of  fine  conglomerate  (Haggis  Rock)  a  short 
distance  below  the  shepherd's  house  of  Trously.  Further  up  the 
stream  the  strata  consist  of  grits,  flags,  and  shales,  dipping  to  the 
N.N.W.  and  much  shattered  by  faults.  Below  the  point  where 
several  streams  from  the  Deaf  Heights  unite,  fault  breccia  is  visible. 
Where  the  Ewes  Water  takes  a  bend  to  the  south-west  about  half 
a  mile  to  the  south  of  Trously,  blue  sandy  shales  and  flags  with 
dark  seams  yielded  the  following  forms : 


Monograptiia  spinigerus  (Nich.) 
attenuaJtus  (Hopk.) 
lohiferus  (M'Coy.) 
tenuis  (Portl.) 


»» 
»» 


Monogroiptus  (not  determ.) 

Rastrites  sp. 

Climacograptus  normalis  (Lapw.) 


The  scar  that  runs  north  and  south  from  the  Deaf  Heights  exposes 
grey  sandy  shales  and  mudstones  and  greywackes  much  weathered. 

From  the  evidence  now  adduced,  it  seems  clear  that  the 
MonograptiLS  gregarius  zone  and  the  Monograptus  spinigerus 
zone  in  the  basins  of  the  Lugate,  and  of  the  Gala  near  Fountain- 
hall,  are  intercalated  in  grits,  conglomerates,  and  shales. 
These  appear  to  be  the  normal  outcrops  of  the  respective  zones 
along  the  northern  margin  of  the  Llandovery  area.  It  is 
apparent,  therefore,  that  a  great  change  has  here  taken  place  in  the 
lithological  character  of  the  Birkhill  division,  compared  with  the 
normal  type  of  the  Moffat  region. 

Earnscleugh  Burn,  2^  miles  N.N.E.  of  Lauder. — The 
representatives  of  the  Moffat  series  reappear  in  an  isoclinal  fold 
in  the  Eamscleuch  Burn,  one  of  the  tributaries  of  the  Leader 
to  the^north-east  of  Lauder.  In  the  lower  two  miles  of  its  course 
this  stream  flows  through  Upper  Old  Red  Conglomerate,  excellent 
sections  of  which  are  visible  on  its  north  bank,  west  of  Eamscleuch 
Farmhouse.  About  200  yards  north  of  that  house,  in  an  old 
channel  of  the  bum,  in  two  small  exposures,  the  Lower  Black 
Shales  (Glenkiln-Hartfell)  appear,  much  jointed,  dex^omposed, 
breaking  in  small  angular  fragments,  and  including  thin  black 
flinty  bands  and  decomposing  yellow  clays. 

About  200  yards  still  further  to  the  north-east  a  big  scar  rises 
on  the  north-west  bank  of  the  bum.  At  its  western  end  grey- 
wackes and  shales  are  truncated  by  a  fault  that  brings  them  in 
contact  with  the  grey  cherts,  black  flints  and  shales ;  from  which 
black  shales  the  following  fossils  have  been  obtained : 


Climacograptus  coAidatus  (Lapw.) 
„  bicomis  (Hall.) 

„  sp. 

DiceUoffraptus  moffatensis  (Carr.) 
„  sp. 


Diplograptus  fcliaceus  (Muroh. ) 
Leptograptus  fiaccidus  (Hall. ) 
Corynoides  curtus  (Lapw.) 
Cryptograptus  tricomis  (Carr.) 
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Some  200  yards  still  higher  up,  on  the  north  bank,  an  exposure 
of  dark  grey  sandy  worm-piped  shales  has  yielded  Monograptus 
lobiferus,  M,  exigutLS,  M.  ^pinigerus,  Monograptus  sp.  From  this  point 
for  a  distance  of  half  ajmile,  tojwithin  200  yards  from  the  mouth  of 
Drakestruther  Bum,  there  is  a  constant  repetition  of  flaggy  shales 
with  calcareous  ribs  and  grey  flinty  bands  weathering  with  a 
cream  colour.  The  last  oi  these  members  has  a  certain  resem- 
blance to  some  of  the  fliniy  bands  in  the  zone  of  radiolarian 
cherts,  but  there  can  be  no  doubt  that  they  here  occupy  a  position 
at  or  near  the  base  of  the  Tarannon  series.  About  300  yards 
down  stream  from  the  mouth  of  the  Drakestruther  Bum,  the 
shaly  series  now  referred  to  yields  Myrianites.  At  the  northern 
edge  of  this  series  below  Drakestruther  Bum,  massive  grits 
alternate  with  shales,rfollowed  by  a  mass  of  grits  that  are  pebbly  in 
places. 

For  a  distance  of  200  yards  above  Drakestruther  the  Eams- 
cleuch  Bum  flows  along  the  strike  of  the  beds  of  grit.  There- 
after it  bends  at  a  ri^t  angle  to  the  north,  and  traverses  a 
peculiar  series  of  dark  shales  with  calcareous  ribs  and  flinty 
Dands.  Still  ascending  the  stream,  we  meet  with  a  coarse  pebbly 
grit,  succeeded  by  shales.  Next  come  alternations  of  grits  and 
worm-tracked  shales ;  some  of  the  grits,  as  at  Bermuda  shepherd's 
house,  being  massive.  About  half  a  mile  above  that  house,  at  a 
prominent  bend  of  the  bum,  in  a  scar  on  the  south  bank,  grey 
sandy  worm-tracked  shales  and  dark  shales  have  furnished  at  the 
base  of  the  cliflF  Monograptvs  spinigertis,  and  at  the  top  M.  hbiferus 
and  M,  leptotheca.  Near  this  scar  the  stream  takes  a  marked  bend 
to  the  north,  and  from  this  point  upwards  the  beds  are  chiefly 
composed  of  shales.  About  150  yards  up  stream  from  the  bend, 
shales  on  the  south  side  of  a  massive  grit  yielded  Monograptus 
spinigerua,  while  on  the  north  side  they  furnished  excellent 
examples  of  M.  hbiferus.  Northwards  pebbly  grits  and  brown 
sandy  shales,  at  a  spot  100  yards  below  the  mouth  of  the  Green 
Bum,  supplied  in  great  abundance  from  certain  thin  seams, 
Monograptus  spinigerus,  M,  leptotheca^  M.  hbiferus,  M,  attenuatus. 

For  a  short  distance  a  band  of  grit  is  exposed,  but  owrug  to 
a  slight  bend  in  the  strike  the  same  shales  with  M.  sj^nigerttit 
appear  in  the  stream,  where  they  contain,  in  addition  to  the  forms 
already  mentioned,  Petaihgraptus  palmceus. 
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CHAPTEE  XI. 

THE  CENTRAL  BELT— continued. 

TABANNON  ROCKS. 

The  belt  of  territory,  upwards  of  twenty-five  miles  in  width, 
which  stretches  from  the  northern  limit  of  the  Llandovery 
strata  on  the  slopes  of  the  Moorf  oot  Hills  and  the  Lowiher  range, 
to  the  boundary  of  the  Wenlock  and  Ludlow  Rocks  along  tiie 
southern  margin  of  the  Silurian  Tableland,  is  occupied  by  strata 
mainly  of  Tarannon  age.  In  the  foregoing  chapters  we  have 
described  the  various  boat-shaped  inliers  of  the  MoiiiEht  series 
which,  within  this  region,  rise  from  underneath  the  younger 
Tarannon  Rocks.  We  have  indicated  that  throughout  these 
numerous  inliers  the  lowest  zone  of  the  Birkhill  Shales,  viz.: 
that  of  Dijdograptus  acwminatus,  is  regai*ded  as  the  base  of  the 
Upper  Silurian  sediments  of  the  Central  Belt ;  for,  as  Professor 
Lapworth  has  shown,  a  great  palssontological  break  intervenes 
between  the  Birkhill  Shales  and  the  underlying  divisions  of  the 
Moflfat  series.  The  assemblage  of  graptolites  found  in  the  various 
sub-divisions  of  the  Birkhill  Shales  proves  that  the  beds  containing 
them  are  of  Llandovery  age.  In  order,  therefore,  to  complete  the 
description  of  the  rocks  that  enter  into  the  structure  of  the  Central 
Belt,  we  now  propose  to  deal  with  those  coarse-grained  sediments 
which,  though  remarkably  barren,  nevertheless  yield,  at  a  few 
localities,  fossils  characteristic  of  the  Tarannon  Rocks  of  other 
regions. 

Northern  Base-line  of  Llandovery  Rocks  of 
the  Central  Bel t. — In  referring  to  the  geological  map 
of  the  Silurian  Tableland,  it  will  be  seen  that  the  Llandovery 
Rocks  of  the  Centi'al  Belt  are  bounded  by  two  great  structural 
lines.  The  one  on  the  south  marks  the  upper  limit  of  the 
Tarannon  beds,  where  the  latter  pass  conformably  upwards  into 
the  Wenlock  formation,  while  that  on  the  nortn  indicates  the 
northern  base-line  of  the  Llandovery  sediments,  where  they  rise 
to  the  surface  and  are  followed  northwards  by  the  representatives 
of  the  Bala,  Arenig,  and  Llaiideilo  formations.  The  northern  base- 
line extends  along  the  tableland  from  the  crest  of  the  Lammermuirs 
in  the  far  north-east  to  a  point  on  the  Wigtownshire  coast  about 
five  miles  south  of  Portpatrick.  It  is  also  observable  that  this 
boundary  line  along  its  outcrop  follows  a  series  of  loop-like 
curves — a  feature  which  might  naturally  be  expect/ed  from  the 
highly  convoluted  character  of  the  rocks  of  the  Silurian  Table- 
land.     For   example,   fi'om   the   crest   of  the  Lammenuuire  the 
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boundary  has  been  drawn  across  the  head  of  Lauderdale  by  the 
southern  declivity  of  the  Moorfoot  Hills,  where  the  curvatures 
are  very  marked,  to  a  point  north  of  Peebles.  Thence  it 
sweeps  up  the  valley  of  the  Tweed,  and  by  the  Kingledores  Bum 
to  Elvanfoot,  on  the  river  Clyde,  and  from  the  latter  point  ^t 
has  been  traced  along  the  southern  slopes  of  the  Lowther  Hills, 
where  the  rapid  flexures  are  again  prominent,  to  Enterkine- 
foot,  in  Nithsdale.  Westwards  it  follows  a  devious  course 
by  Daliy^  in  Glen  Ken,  and  across  the  Wigtownshire  moors  to 
Glenluce,  whence  after  passing  underneath  the  sands  of  Luce 
Bay  it  crosses  the  south-western  peninsida  by  Stoneykirk  to  a 
point  south  of  Portayew  Bay,  on  the  shores  of  the  Irish  Channel. 

It  must  be  admitted  that  the  tracing  of  this  northern  base-line  has 
been  a  matter  of  considerable  diflSculty,  and,  in  some  parts,  its 
delineation  on  the  map  cannot  be  regarded  with  complete  satisfac- 
tion, for  over  much  of  the  area  we  have  failed  to  obtain  conclusive 
palasontological  evidence  for  fixing  the  precise  position  of  the  line. 
In  the  detailed  descriptions  of  the  various  inliers  of  the  Moflfat  series 
within  the  Central  Belt,  ample  evidence  has  been  given  to  show 
how  the  different  sub-divisions^  of  the  Birkhill  Shales  gradually 
disappear  or  undergo  important  modifications,  as  they  are  followed 
north-westwards  from  the  Mofl&it  region.  Where  thin  seams 
of  dark  shales,  containing  recognisable  Lower  Birkhill  graptolites, 
are  still  traceable  along  the  north-west  margin  of  the  Central 
Belt,  the  northern  limit  of  the  Llandovery  Rocks  may  be  fixed 
with  approximate  certainty.  Where,  on  the  other  hand,  only 
fragments  of  undoubted  Monograptidce  and  other  forms  are 
obtainable  in  thin  films  intercalated  in  coarse  sediments,  or 
where  even  these  forms  disappear,  the  boundary  line  laid  down  on 
the  map  can  be  regarded  only  as  a  provisional  one  which  may  be 
modified  by  future  research.  Referring  for  details  to  the  evidence 
above  adduced  in  proof  of  the  gradual  modification  of  the  Birkhill 
Shales  towards  the  north-west,  we  may  here  indicate  generally  the 
nature  of  the  data  for  fixing  the  northern  limit  of  the  Llandovery 
Bocks. 

Over  the  north-eastern  portion  of  the  Central  Belt,  in  the  basin 
of  the  Gala  Water,  and  especially  in  the  Lugate  and  Heriot 
Waters  and  their  tributaries,  representatives  of  tiie  Monograptus 
spinigerus,  Monograpius  gregariiLS,  and  Diplograptus  acamiiiatus 
zones  are  separated  ^[from  each^other  bv  grits,  conglomerates, 
gi^ywackes,  and  shales  along  the  northern  margin  of  the 
Llandovery  area.  In  some  cases,  as,  for  instance,  in  the  Ladyside 
Bum  in  flie  basin  of  the  Heriot  Water,  thin  leaf-like  seams 
interleaved  in  massive  grits  contain  specimens  of  Monograptus 
aUenvatus,  M,  tenuis,  and  CUmacograptus  normalis,  which  usually 
present  themselves  as  dwarfed  representatives  of  the  forms  so 
characteristic  of  the  central  Moffat  region.  The  boundary  line 
has  here  been  di*awn  with  approximate  certainty  along  the 
northern  margin  of  these  sediments,  which  still  yield  recognisable 
Llandovery  graptolites.  South-westwards  in  the  basin  of  the 
Leithen   Water  similar  evidence  is   obtained,  for  there  stunted 
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specimens  of  Monograptiis  tenuis,  DimorphograptvSy  BipLograpius, 
and  Climacograptus  may  be  gathered  from  dark  seams  in  shales 
associated  with  grejn\'acke8,  near  the  northern  margin  of  the 
Central  Belt. 

*  Again,  in  the  valley  of  the  Tweed  at  Stobo,  the  boundary  line 
has  been  drawn  between  the  Stobo  slates  on  the  north,  which  are 
regarded  as  Caradoc,  and  certain  massive  grits  to  the  south, 
believed  to  be  of  Llandovery  age.  Further  up  the  river  at 
Tweedsmuir,  in  certain  dark  blue  shales  associated  with  grits 
which  are  exposed  at  the  foot  of  the  Fruid  Water,  DiphgrapitLS 
vesicidosus,  D,  acumhiatus,  CUmdcograptus  Twrmalis,  and  sictdoB  of 
graptolites  have  been  obtained ;  while  still  further  north  the  zonal 
Birkhill  forms  disappear,  and  attenuated  representatives  of  Dtplo- 
graptus  and  Clwiacograptus  survive. 

Between  the  Clyde  and  the  Nith  certain  flaggy  shales  or  slates 
with  dark  carbonaceous  films,  containing  a  large  Diplograptus, 
an  attenuated  form  of  Ulimacograptus  ot  C.  nomudis  type,  and  siculoB 
of  graptolites,  which  are  exposed  in  various  quarries  and  natural 
sections  on  both  sides  of  the  road  leading  from  Elvanf oot  to  the 
Dalveen  Pass,  have  been  regarded  as  there  forming  the  base  of 
the  Llandovery  fonnation,  since  they  are  followed  towards  the 
north  by  the  Lowther  Shales  (Caradoc). 

Still  further  to  the  west,  in  that  section  of  the  tableland 
stretching  from  Mthsdale  to  the  valley  of  the  Ken,  no  character- 
istic Birkhill  graptolite  has  been  obtained  from  strata  near  the 
Llandovery  boundary-line.  The  position  of  this  line  has  there  been 
fixed  by  the  outcrop,  towards  the  north,  of  grey  mudstones  and 
shales  that  represent  the  Barren  Mudstones,  and  blue-black  shales 
containing  some  of  the  characteristic  forms  of  the  Pleurograptus 
linearis  zone.  In  the  tract  of  metamorphosed  rocks  between  New 
Galloway  and  Newton  Stewart,  with  its  two  large  granite  masses, 
no  palsBontological  evidence  is  available  ;  but  on  the  southern  side 
of  the  Wigtownshire  moors  about  Glenluce,  similar  phenomena  to 
those  already  described  are  obtained.  On  the  shore  to  the  south  of 
this  town  certain  thin  dark  carbonaceous  seams,  embedded  in 
greywackes  and  shales,  yield  dwarfed  specimens  of  Diplograptus 
acuminattts,  Climacograptus  normalis,  another  stunted  form  of 
Climacograptus  of  common  occurrence  on  this  horizon,  siculce  of 
graptolites,  and  specimens  of  the  young  stages  of  Dimorphograptiis. 

From  these  data  it  appears  that  along  the  northern  limit  of 
the  Llandovery  Bocks  of  the  Central  Belt,  where  the  Moffat  type 
of  the  Birkhill  Shales  has  entirely  disappeared,  and  where  tlun 
seams  of  carbonaceous  shales,  interleaved  in  greywackes  and 
shales,  contain  a  few  dwarfed  representatives  of  the  prolific 
Birkhill  fauna,  the  original  physical  conditions  of  deposit  in 
Silurian  time  must  have  been  unfavourable  for  the  development  of 
that  group  of  organisms.  The  forms  apparently  indicate  arrested 
stages  of  progress.  If  such  be  the  true  explanation,  it  may  account 
for  the  (fifficulty  in  fixing  the  precise  position  of  the  northern 
base-line  of  the  Llandovery  Hocks.  In  the  absence  of  palsBonto- 
logical  evidence,  this  line  has  been  drawn  between  the  series 


Tlu^  Cnilrtfl  Belt—Taraanon  liocks,  201 

ol  massive  grits^  greywackes,  and  shales^  which  are  the  dominant 
feature  of  the  Tarannon  Kocks  of  the  Central  Belt,  and  the 
group  of  shales  to  the  north  (Lowther  Snales,  Stobo  Slates,  &c.), 
which  are  associated  with  the  Hartfell  black  shales  of  the 
Northern  Belt. 

The  broad  extent  of  territory  occupied  by  rocks,  mainly  of 
Tarannon  age,  in  the  Central  Belt,  is  due  solely  to  the  extra- 
ordinary plication  whereby  the  same  strata  are  brought  repeatedly 
to  the  siirface.  The  numerous  anticlines  of  the  Moffat  series 
afford  conclusive  proof  of  the  reduplication  of  the  strata  by 
lateral  compression,  but  even  where  the  Moffat  Shales  do  not 
appear  at  the  surface,  there  can  be  little  doubt  that  the  over- 
lying Tarannon  Rocks  have  been  similarly  affected.  For  the 
observer  has  only  to  traverse  any  of  the  striking  coast  sections 
at  either  termination  of  the  Central  Belt  to  assure  himself  of 
this  phenomenon.  Since  the  time  of  Sir  James  Hall,  the 
remarkable  flexures  of  the  strata  between  Cockbumspath  and 
St.  Abbs  Head,  in  Berwickshire,  have  been  classic  features  in 
Scottish  geology,  for  there  the  system  of  normal  and  isoclinal 
folds  may  be  studied  in  detail. 

The  phase  of  sedimentation  represented  by  the  Tarannon  Bocks 
of  the  Central  Belt  differs  widely  from  that  of  the  underlying 
Birkhill  Shales.  Its  dominant  type  is  that  of  massive  grits  and 
greywackes  (Queensberry  Grits),  which  locally  merge  into  con- 
glomerates. This  type  is  specially  characteristic  of  the  central  and 
northern  portions  of  the  Central  Belt.  But  towards  the  southern 
margin  of  the  belt  a  remarkable  change  is  observable,  for  there  the 
highest  Tarannon  Bocks,  which  pass  conformably  upwards  into  the 
Wenlock  formation,  consist  of  brown-crusted  flags,  with  grey, 
green,  or  red  shales,  and  bands  of  brown  or  yellow  greywacke  from 
one  to  two  feet  thick  (Hawick  Rocks). 

Though  the  Tarannon  Rocks  of  the  Central  Belt  are  in  general 
remarkably  barren,  there  is  one  area  in  the  tract,  extending  from 
Selkirk  and  Innerleithen  to  Melrose  and  Lauder,  where  fossils  have 
been  obtained  from  a  large  number  of  localities.  The  assemblage 
of  organisms,  as  shown  by  Professor  Lapworth,  differs  widely  from 
that  of  the  underlying  Birkhill  Shales,  for  it  includes  some  grapto- 
lites  which  are  survivors  from  these  shales,  some  which  pass  up  into 
the  Wenlock  strata,  and  others  which  are  restricted  to  the  Tarannon 
group.  From  the  constant  association  of  graptolite-bearing  shales 
with  grits  and  greywackes,  and  the  rapid  reduplication  of  the 
strata,  it  is  difficult  to  establish  a  zonal  sequence  of  the  Tarannon 
graptolites.  Further  detailed  investigation,  however,  may  throw 
considerable  light  on  this  question. 

North-Easteni  District. 

Beginning  with  that  portion  of  the  Central  Belt  which  has 
proved  the  most  fossiliferous,  from  Melrose  and  Selkirk  in  the 
south  to  Innerleithen  and  Lauder  in  the  north,  we  find  that  the 
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Upper  Birkhill  Shales  at  Coldshiels  Loch,  south-west  of  Meh*08e, 
are  immediately  followed  by  mndstones,  shales,  and  flagstones  with 
Monograptus  turriculatus,  which  is  regarded  as  one  of  the  zonal  forms 
of  the  basal  beds  of  Tarannon  age.  These  strata  pass  upwards  into 
brown  flagstones  and  shales  (Abbotsfoid  flags),  surmounted  by 
massive  grits  and  shales  (Buckholm  grits),  which  usually  in  the 
finer  bands  contain  graptolites,  with  Crossopodia,  MyrianUes,  and 
other  tracks.  Reference  may  first  be|[made  to  the  more  important 
fossiliierous  localities  which  have  been  detected  in  the  region 
to  the  north  of  the  arch  of  Moffat  Shales  in  the  Rhymer's  Glen, 
and  next  to  those  on  the  south  side  of  that  anticline. 

Packman's  Bur n. — ^In  this  stream,  which  joins  the  Leader 
Water  about  a  mile  to  the  north  of  Leaderibot,  a  section  of 
flagstones  and  shales  ^^ith  greywacke  bands  is  exposed  for  about 
hsdf  a  mile  west  from  the  railway  bridge.  The  strata  usually 
dip  towards  the  north-west.  At  a  point  on  the  north  bank, 
about  100  yards  west  from  the  railway  bridge,  the  following 
fossils  were  obtained  from  a  baud  of  gritty  greywacke, 
viz. :  Monograptus  turriculatuSy  M,  exiguus,  Monograptus  priodonf 
DictyoTiemaj  crustacean  fragments,  &c.  About  a  quarter  of  a  mile 
to  the  west  of  the  same  bridge  certain  beds  yielded  Mono^ 
graptus  turri/yuUdus,  M.  exiguus,  M,  priodon,  M,  galaensis;  while 
near  the  western  termination  of  the  rock-section  thin  grey  shales 
furnished  specimens  of  MoTiograptus  priodon,  M.  gaiaensis,  M. 
vomerinus,  Cyrtograptus  (?). 

River  Tweed  near  Melrose. — Along  the  strike  of  the 
strata  seen  in  Packman's  Bum  certain  sandy  shales  which  appear 
in  the  Tweed  at  a  cottage  south-east  of  Pavilion  and  a  mile  and  a 
quarter  north-east  of  Melrose,  have  pelded  specimens  of  Mono- 
graptus  exiguus.  Still  further  to  the  south-west,  along  the  same 
line  of  strike,  a  similar  assemblage  of  organisms  may  be  observed 
in  an  old  quarry,  a  few  yards  to  the  north  of  Cascade  Farmhouse, 
on  the  north  bank  of  the  Tweed,  and  about  a  mile  and  a  half  west 
of  Abbotsford.  Hei'e  hard  grey  grit  is  associated  with  greenish 
grey  shales,  which  contain  Monograptus  turricvlatus  in  great 
abundance,  together  with  M.  exiguus,  M,  gaiaensis,  &c. 

Long  Phillip  Burn. — ^In  this  stream,  which  joins  the 
River  Ettrick  opposite  the  town  of  Selkirk,  about  three  and  a  half 
miles  to  the  south-west  of  the  last  mentioned  locality,  certain  blue- 
black  shales  at  Corbie  Bum  have  yielded  Monograptus  exiguus,  M. 
priodon,  &c.,  while  at  the  foot  of  a  small  tributary  rivulet  the  same 
forms  occur  with  M,  crispas, 

Allan  Wate  r. — About  a  mile  further  north,  across  the  strike 
of  the  strata,  important  fossiliferous  bands  are  visible  in  this  stream, 
which  joins  the  Tweed  about  a  mile  and  a  half  north-west  of 
Melrose.  Nearly  opposite  the  Avenel  Plantation  (Geological  Survey 
Map,  Sheet  25)  the  following  forms  have  been  obtained  from  shales 
associated  with  gi*eyw  ackes  in  the  Allan  Water :  Monograptus 
exiguus,  M,  vomerinus,  Biplograptus  ta/mwriscus,  &c.  Again,  about 
one-third  of  a  mile  further  down,  where  a  stone  fence  crosses  the 
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water,  a  thin  band  of  dark-blue  shales,  interleaved  in  greywackes 
and  flags,  has  fiimished  the  following  assemblage  of  fossils  : 

Monograptus  exiguus  (Nich.)  |   M<mograptus  cUtenuatiM  (Hopk.) 

gaiaensia  (La^w.)  j  ,,  spiralis  (Geudtz.) 

priodon  (Broun.) 


To  the  south-west  of  Avenel  Plantation,  on  Westa  Hill,  at  a 
point  about  a  mile  east  of  Oalashiels,  hard  flaky  grit  and  flaggy  red 
shales,  dipping  to  the  north-west  at  angles  from  65'*-70'*,  have 
yielded  specimens  of  MatwgraptiLa  iurriculatus,  M.  crispus,  Myrianitea, 
Crossopodia,  &c. 

Buckholm  Hill. — The  series  of  massive  grits  and  grey- 
wackes which  overlie  the  Abbotsford  flags,  greywackes,  and 
shales  are  well  seen  on  the  Buckholm  Hill,  north  of  Galashiels, 
where  they  form  rocky  ridges,  traceable  south-westwards  by  the 
Meigle  and  Blakehope  Hills  to  Cadonfoot,  south  of  Clovenfords. 
In  this  region  the  shales  associated  with  the  massive  grits  yield 
a  characteristic  Tarannon  fauna.  A  quarry  at  the  road-side 
west  of  Buckholm  Hill,  about  half  a  mile  W.N.W.  of  Galashiels, 
has  laid  open  an  interesting  section  of  massive  grits  and  shales, 
the  latter  yielding  specimens  of  Monograpttts  exiguus,  M.  con-- 
volutuSy  if.  protetis,  Dexoliies  gracilis,  Myrianites,  and  branching 
tracks.  In  a  quarry  now  abandoned  at  Buckholmside,  Galashiels, 
and  not  far  to  the  north  of  the  locality  just  referred  to,  red 
and  grey  shale  partings  in  massive  greywackes  have  yielded  Mono- 
graptus  crispus,  Betiolites  geinitzianus,  Myrianites,  and  other  tracks. 
Nearly  in  the  strike  of  the  beds  at  Buckholmside,  fossiliferous 
bands  appear  in  the  Ladhope  Bum,  at  the  old  bridge  about  a 
mile  above  Buckholmside,  where  greyish  blue  shales  have  fur- 
nished the  following,  among  other  forms,  viz. :  Monograpius  exiguus, 
M.  Sedgwidd,  M,  cmivolutv^,  var.  communis,  M,  proteus,  Peialograptus 
folium,  Clim<hcograptus  normalis. 

The  grits,  flags,  and  shales  of  Buckholm,  when  followed  south- 
westwards  to  Clovenfords  and  Cadonfoot,  have  been  found  to  yield 
a  characteristic  Tarannon  fauna. 

Clovenfords  and  Cadonfoo t. — Keeping  to  the  road 
southwards  from  Clovenforfs  Station,  in  the  direction  of  Cadonfoot, 
the  observer  comes  upon  a  large  quariy  close  to  the  railway  viaduct 
at  the  bend  near  Cadonlee.  Here  the  strata  consist  of  alter- 
nations of  flags,  shales,  and  greywackes,  which  dip  towards  the 
N.N.W.  at  75^  Some  of  the  grepvacke  bands  at  the  south 
side  of  the  excavation  are  seven  feet  thick,  while  zones  of  shaly 
mudstones  occur,  one  about  two  feet  thick,  in  which  the  material 
breaks  up  into  thin  flaky  particles.  The  fossiliferous  bands  vary 
in  character ;  one  type  which  decomposes  into  a  light  grey  rock, 
stained  ^dth  iron-pyrites,  crumbles  as  a  rule  under  a  slight  pres- 
sure, and  is  crowded  with  graptolites.  Where  fresh  parts  of  this 
rock  can  be  obtained,  the  fossils  are  well  presei-ved.  Another  type 
consists  of  grey  platy  shales,  weathering  brown,  in  which   the 
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graptolites,  though  not  very  abundant,  are  in  excellent  preservation. 
The  fossils  given  in  the  subjoined  list  were  here  obtained : 


Monograptus  turriculatus  (Barr.) 
eociguus  (Nich.^ 
crispus  (Iadw.) 
galaeims  (Lapw.) 


»» 


»> 


Monograpi/us  priodon  (Bronn.) 

abundant. 
, ,  attenucUus  (Hopk. ) 

Dictyonema  sp. 


Southwards  from  this  quarry,  the  greywackes  and  grits  become 
more  massive  towards  Cadonfoot,  their  general  dip  being  to  the 
N.N.W.,  at  angles  varying  from  60"*  to  70**.  At  Cadonfoot,  on  the 
banks  of  the  Tweed,  in  an  old  quarry  now  partly  built  over,  a  few 
yards  to  the  south-east  of  the  schoolhouse,  red  shales,  interleaved 
in  grey  and  blue  shales,  have  been  found  to  enclose  Crossopodia, 
Myrianites,  Ac. 

Cadonlee. — About  half  a  mile  to  the  north-west  of  Cadon- 
foot, and  about  a  quarter  of  a  mile  north- west  of  Cadonlee  Farm- 
house, shales  seen  on  the  north  side  of  the  road  leading  to  Gala- 
shiels dip  to  the  north-west  at  angles  varying  from  45"  to  50®. 
From  certain  thin  dark  seams,  interleaved  in  these  blue  and  grey 
fissile  shales,  the  following  graptolites  were  obtained : 


Monograptus  crispua  (Lapw.) 
exiguus  (Nich.) 
galaends  (Lapw.) 
Sedgtoicki  (Portl.) 
priodon  (Bronn.) 
convolutus  (His.) 
runcinatus  (Lapw.) 


DipHograptus  Hughesi  (Nich.) 

, ,  tamariscus  (Nidi. ) 

Oyrtograptus  sp. 
Aptychopsis  glabra  (Woodw.) 
Dictyonema  sp. 
Plant  remains. 


Much  in  the  same  line  of  strike,  and  about  haU  a  mile  north- 
east of  (Jlovenlbrds,  in  a  quairy  on  the  south  side  of  the  road  near 
Meigle  Farmhouse,  where  massive  greywackes  and  flags  with  red 
and  grey  shales  have  been  exposed,  the  red  shales  contain  remark- 
ably fine  examples  of  J^otovirgularia  and  Mifrianites,  while  the 
grey  shales  famish  Monograptus  priodon  and  MoTVogra/ptus  galaeTisis. 

H  i  1 1  e  n  d. — About  half  a  mile  due  north  of  (Clovenfords,  from 
a  quaany  at  the  wayside,  near  Hillend,  a  well  marked  suite  of 
Tarannon  fossils  was  obtained  in  blue  shales  and  mudstones,  with 
micaceous  greywackes  in  bands  and  ribs.  Some  of  the  blue 
shales  contain  dark  seams,  which  have  yielded  : 


Monograptus  turricuiatus  (Barr.) 
eoBigu/us  (Nich.) 
priodon  (Bronn.) 
eommtmt5  (Lapw.) 

FetalograptusfolUum  (His.) 


9) 

9) 


Retiolites  sp. 
DiplograpUu  sp. 
Pdtocarts  aptyehoides  (Salt.) 
Aptychopsis  glabra  (Woodw.) 
Ceraiioccnis  sp. 


Thornyle  e. — Still  further  towards  the  north-west,  across  the 
strike  of  folded  strata  of  Tarannon  age,  an  excellent  section  has 
been  laid  bare  at  Thomylee,  in  the  valley  of  the  Tweed,  on  the 
north  bank  of  the  river  (Sheet  25  of  Geological  Survey  Map).  At 
the  western  limit  of  the  rock-exposures,  where  greemsh  grey  and 
red  flaggy  shales,  alternating  with  bands  of  grit,  dip  to  the  north- 
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west  at  an  angle  of  70^  the  shales  are  crowded  with  Crossopodia, 
Sonth-eastwards,  along  the  road  towards  the  quarry,  the  beds  roll 
over  to  the  south-east,  and  in  the  quarry  itself  greenish  grey  and 
purple  flaggy  shales  are  seen  to  be  charged  with  Crossopodia  and 
Myrianites,  together  with  Monograpitus  exigtius,  M,  priodon,  M, 
gadaensis,  &c. 

Basin  of  the  Cadon  Water. — As  the  observer  con- 
tinues north-westw^ards,  across  the  strike  of  the  Tarannon  Bocks, 
he  meets  with  these  fossiliferous  zones  at  intervals,  with  their 
characteristic  organisms.  For  instance,  on  the  east  side  of  the 
valley,  near  Newhall,  certain  red  and  sandy  shales,  interleaved  in 
thick-bedded  greywackes  and  grits,  which  dip  in  a  north-east 
direction  at  angles  varying  from  55®  to  60*,  have  pelded  Myrianites, 
Crossopodia,  and  other  tracks.  Again,  on  the  east  bank  of  the 
stream,  near  the  farmhouse  of  Gadonhead,  about  four  miles 
north-west  of  Clovenfords,  certain  greywacke  bands,  weathering 
spheroidally,  and  grey  shales  have  mmished  specimens  of  Mono- 
gra/ptvLS  exiguus,  M.  spinigerus,  Petalograptus  folium. 

Similar  evidence  is  found  near  the  head-waters  of  the  Cadon, 
immediately  to  the  south  of  the  mooiy  watershed  named  the 
Deaf  Heights,  at  the  western  margin  of  25,  one  inch.  Here  the 
stream  flows  nearly  east  for  about  a  mile,  and  at  a  point  almost 
due  south  of  the  Deaf  Heights,  a  scar  on  the  north  bank  of  the 
bum  show^s  drab-coloured  shales,  with  dark  or  blue-black  seams, 
containing  Monograptus  exiguiis  in  abundance,  and  Monograptus 
pandus.  Not  far  to  the  west  of  this  locality,  where  a  crescent- 
shaped  cliff  bounds  the  northern  margin  of  the  alluvium,  a  fine 
exposure  of  grey  and  jellow  shales  has  supplied  graptolites  in  fine 
preservation,  including  specimens  of  Monograpttts  iurriculatuSy  M. 
exiguus,  M.  paivdus,  M,  spiralis,  together  with  Myrianites  and  Crosso- 
podia. Further  west,  near  where  the  Cadon  Bum  enters  Sheet  25 
of  the  Map,  the  following  forms  have  been  obtained  from  grey  sandy 
shales,  viz. :  Monograptus  eooiguus,  M.  convolutus,  M.  corn/munis. 

Innerleithen  District, 

On  the  other  side  of  the  watershed  between  the  sources  of  the 
Cadon  and  certain  tributaries  of  the  Tweed,  near  Innerleithen, 
confirmatory  evidence  is  obtained  of  the  presence  of  Tarannon 
graptolites  in  strata  which  are  evidently  the  south-west  prolonga- 
tions of  those  in  the  higher  part  of  the  Cadon  Water.  About  two 
miles  east  of  Innerleithen  the  Walker  Bum,  about  a  mile  up  from 
its  junction  with  the  Tweed,  divides  into  two  branches,  that  drain  the 
slopes  of  the  Glede  Knowe  (1915  feet)  and  the  surrounding 
heiffhts.  About  200  yards  up  the  east  branch,  flaggy  dark  blue 
shales  appear,  which  containj^thin  leaf-like  dark  seams,  yielding 
Monograptus  eaoiguus,  beautifully  preserved  in  the  solid  form,  JIf. 
Sedgwicki,  Rastrites  Tnaaoimus!^  Petalograptus  folium,  and  Climaco- 
grapius  normalis.  In  the  west  branch  similar  evidence  is  obtained 
not  far  below  the  level  of  the  1250  feet  contour  line,  where  slaty 
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shales  appear  in  the  stream  and  dip  to  the  north-west  at  75°. 
About  50  yards  above  that  level,  in  a  fine  exposure  of  platy  and 
flaggy  shales  with  dark  seams,  inclined  in  a  similar  direction,  one 
of  the  carbonaceous  layers  contains  Monogra'ptus  turrictilatus  in 
great  abundance  and  in  excellent  preservation,  together  with  other 
forms.  Further  up  the  bum  other  shales  appear,  in  which  one 
of  the  graptolites  resembles  MonograpUis  sjnnigerus.  These  strata 
continue  in  the  section  for  some  distance  upwards.  Near  the 
source  of  the  bum,  dark  shales  with  decomposing  clays  are  the  last 
visible  strata  in  this  tributarx^  of  Walker  Bum. 

Grieston  Quarry.  —The  strata  in  this  quarry  have  been 
familiar  to  geologists  since  Professor  Nicol  first  recorded  grapto- 
lites from  them.  They  consist  of  blue  and  grey  slaty  shales,  with 
occasional  thin  seams  of  limestone  or  calcareous  ribs,  from  i  to  ^ 
an  inch  thick,  and  are  inclined  to  the  north-west  at  high  angles. 
The  following  fossils  were  obtiiined  from  this  quarry  by  the 
Geological  Survey :  Monograpius  j^riodmi,  M,  convoluiuSy  M,  vome- 
rinuSf  M.  Sedgwickif  R^tioUtes  geinitziamis,  Myrianites  sp.  Prom 
the  same  locality  have  been  recorded  the  following  additional  forms : 
by  Professor  Lapworth,  Monogrwptu8  colomis  and  Diplograptus ;  by 
Mr.  E.  Mathieson,  a  Discmocwris ;  and  by  the  Innerleithen  Alpine 
Club,  Monograptus  tenuis, 

Lauder  District, 

Turning  now  north-eastwards  along  the  strike  of  the  strata,  from 
Innerleithen,  across  the  Cadon  and  Gala  Waters  to  the  neighbour- 
hood of  Lauder,  we  find  at  various  localities  characteristic  assem- 
blages of  graptolites  of  Tarannon  age.  To  the  south-west  of  the 
village  of  Lauder,  red  and  purple  flaggy  shales  and  grits  are  visible 
in  the  Lauder  Bum,  and  also  in  certain  quarries,  with  a  general 
dip  to  the  south-east  at  high  angles.  In  one  of  the  quarries,  about 
a  mile  south-west  of  Lauder,  certain  red  shales  contain  MoTwgraptris 
priodon,  M,  Sedgwichi,  M,  leptotheca,  M,  convolutus,  M.  spiralis, 
Gliifnacograptus,  Again,  about  two  miles  to  the  north-west  of  the 
village  of  Lauder,  in  the  Harry  Burn,  nearly  opposite  Old  Whiplaw, 
specimens  of  Monograptus  priodon,  M.  galaensis,  &c.,  have  been 
obtained  from  shales. 

Bruntaburn. — To  the  north-east  of  the  Upper  Old  Red 
Sandstone  of  Lauderdale  a  triangular  tract  of  strata  mainly  of 
Tarannon  age  has  likewise  yielded  characteristic  fossils.  In  the 
area  between  the  arch  of  the  Moffat  series  in  Eamscleuch,  and 
the  margin  of  the  Upper  Old  Red  Sandstone  at  Spottiswoode, 
several  exposures  of^fossiliferous  bands  furnish  Tarannon  grapto- 
lites. Near  the  mill  at  Bruntaburn,  west  of  Spottiswoode,  red 
flags,  with  a  dip  to  the  N.N.W.,  furnish  specimens  of  Protovirgu/- 
laria  dichotoma,  Myrianites ,  Crossopodia,  and  other  tracks.  This  is 
one  of  the  few  localities  in  the  Tarannon  area  of  the  Central  Belt 
where  Protovirgula/ria  occurs  in  great  abundance.  Above  Brunta- 
burn Wood  thick-bedded  shales  have  yielded  Crossopodia,  Crosso- 


The  Central  Belt — Tarannon  Rocks, 


207 


cfuyrda,  Myrianites,  and  other  tracks.  Again,  in  the  higher  part  of 
this  stream,  where  it  receives  the  name  of  Pondreigh  Bum,  grey 
shales  with  grit  bands  appear  close  to  the  footpath  leading  to  Flass, 
where  they  have  furnished  an  interesting  suite  of  fossils,  viz, : 


Monograptiis  exiguus  (Nich.) 

,,  priodon  (Bronn.) 

Hastrites  ifioximus  (Carr.) 


PetcUograptus  ovatus  (BaiT.) 
,,  palrruw^i  (Barr.) 


Wedderlie  Bur n. — About  three  miles  to  the  north-east  ot 
the  exposures  in  Bruntabum,  fossiliferous  bands  reappear  in  the 
Wedderlie  Bum,  near  Wedderbum  Farmhouse,  where  some  red  and 
grey  mudstones  have  famished  specimens  of  Protovirgulcma,  Crosso- 
podia,  MyrianiteSj  &c.,  and  sandy  shales  have  pelded  Monograpttis 
exiguus,  M.  convoluius,  M,  apiraiisy  and  RetioUtes, 

Blythe  Burn. — Similar  evidence  is  obtained  in  the  Blythe 
Bum  and  its  tributaries,  for  at  the  bend  in  the  stream  north  from 
Heugh  Farmhouse,  reddish-green  shales  have  yielded  specimens  of 
Monograptus  extgwis,  M,  priodon,  and  tracks.  Again,  in  the  slate 
quarries  on  the  east  side  of  the  bum,  near  the  farmhouse  of  Blythe, 
the  following  forms  have  been  obtained  from  blue  shales :  Broio- 
virgtUaria  dichotoma,  Crossopodia  scotica,  Myrianites,  and  radiating 
worm-burrows.  In  a  streamlet  near  the  same  locality  examples  of 
MonograptiLS  exiguus,  M,  priodon,  &c.,  were  collected.  Further  up 
the  Blythe  Bum,  at  a  sheep-fold  about  half  a  mile  below  Howebog, 
certain  sandy  shales  have  furnished  specimens  of  Protomrgularla, 
Myrianites,  &c.,  and  near  Broadshawrig,  Monograptus  exiguus  and 
M,  galasnsis.  At  the  last-named  locality  the  Blythe  Bum  is  joined 
by  the  Easter  Bum,  in  which  a  fossiliferous  conglomerate,  about 
150  yards  up  from  the  junction  of  the  two  streams,  contains  the 
following  organisms  in  an  imperfect  state  of  preservation,  viz. : 
Orthis  or  Strophomena,  Palceocydus,  Petraia  Una,  coral,  crinoid  stem, 
Ptilodictya.  A  similar  pebbly  grit  or  fine  conglomerate  reappears 
in  the  Wheel  Bum,  south-west  of  Wheelbum  Law. 

Whelplaw  Burn. — ^Near  the  northern  margin  of  Sheet 
25  of  the  Survey  Map,  and  to  the  north  of  the  anticline  of  the  Mofiat 
Shales  in  the  Eamscleuch,  Tarannon  fossils  are  likewise  found 
in  the  Whelplaw  Bum — a  tributary  of  the  Leader  Water — at  a 
point  about  400  yards  up  stream  from  Longcroft  Farmhouse,  where 
brown  mudstones,  weathering  spheroidally,  furnish  specimens  of 
Monograptus  crispus,  M.  exiguus,  M,  atienuatus,  and  are  associated 
with  grey  flaggy  shales  and  greywackes. 

District  South  of  Melrose. 

In  the  district  south  of  Melrose,  comparatively  few  fossiliferous 
localities  have  been  met  with  in  the  Tarannon  Bocks.  On  the 
banks  of  the  wooded  glen  at  Faldonsidemoor  a  good  section  may  be 
seen  of  thin-bedded  brown  greywackes  and  flagstones,  with  grey 
and  blue  shales;  the  latter  yielding  Monograptus  vomerinus,  M. 
priodon,  M.  galaensis.  In  the  Bowden  Bum,  which  flows  E.N.E. 
along  the  strike  of  the  Silurian  rocks  and  joins  the  Tweed  near 
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Dryburgh,  fossils  have  been  found  in  the  strata  belonging  to  the 
typical  Hawick  Rocks.  South  of  the  village  of  Bowden,  between 
Bowden  Mill  and  Maxpoffle,  grey-blue  calmy  shales  and  flagstones 
appear,  followed  further  down  stream  by  purple  and  grey  shales 
with  hard  ribs  or  grey  earthy  decomposing  greywacke.  The  former 
series,  near  Maxpoffle,  has  furnished  a  telson  of  Evrypierus,  frag- 
ments of  Dicfi/ocans,  and  crinoid  stems. 

In  the  neighbourhood  of  Selkirk,  as  for  example  on  Selkirk 
Common,  where  the  strata  lie  well  to  the  north  of  the  anticlines 
of  the  Moffat  Shales  at  Melrose  and  Ettiickbridge-end,  some  of 
the  beds  consist  of  grits  from  8  to  10  feet  thick,  which  may 
possibly  represent  some  of  the  thick  bands  of  the  Buckholm 
Grits.  The  strata,  as  seen  in  the  quanry  on  Selkirk  Common, 
are  normally  folded,  while  along  the  same  line  of  strike  to  the 
south-west  of  Ettrickbridge-end,  they  are  repeated  by  isoclinal 
folds  which  have  a  persistent  dip  to  the  north-west.  Although 
no  graptolites  have  been  obtained  from  these  rocks  in 
the  neighbourhood  of  Selkirk,  some  of  the  shales  are 
crowded  with  Crossopodia,  Myrianites,  and  other  tracks  so 
common  at  Thomylee  and  Grieston.  Mr.  Pringle  of  Selkirk  has 
obtained  specimens  from  a  quarry. at  the  roadside  near  Merry- 
court  Park,  about  a  mile  north  of  Greenhill,  which  show  that 
the  two  sets  of  tracks  figured  by  Salter  in  his  Appendix  to  the 
memoir  on  the  Geology  of  East  Lothian  (pp.  70,  71)  muvst  have 
been  produced  by  the  same  animal. 

District  between  Aslihirh  and.  Hawick. 

South  of  the  district  around  Ettrickbridge-end  and  Selkirk,  the 
most  typical  development  of  the  so-called  "  Hawick  Rocks"  is  to  be 
seen.  They  consist  of  greenish-grey  shales  with  thin  bands  of 
greywacke,  which  are  singularly  destitute  of  fossils.  Innumerable 
exposures  throughout  the  belt  show  that  the  rocks  are  intensely 
plicated;  the  axes  of  the  folds  being  for  the  most  part  vertical. 

Though  no  graptolites  have  as  yet  been  collected  from  the 
strata  in  the  neighbourhood  of  Hawick,  yet  Protovirgtdaria, 
Crossopodia,  N&mertites,  Nereites,  and  other  tracks  are  abundant  in 
some  of  the  shales ;  all  of  which  are  to  be  found  in  Stirches 
Quarry  near  that  town.  From  the  same  locality  a  specimen 
showing  the  body  segments  of  a  species  of  Ceratiocaris  was 
obtained  by  Mr.  Andrew  Waugh,  Hawick,  and  presented  to  the 
Geological  Survey.  For  a  distance  of  three  miles  to  the  north  of 
Hawick  this  sub-division  of  the  Tarannon  Rocks  preserves  its 
normal  characteristics.  The  strata  show  constant  reduplication  by 
folding,  the  axial  planes  of  the  folds  being  there  generally  inclined 
to  the  south-east. 

Gockhurnspath  and  St.  Ahhs  District. 

The  coast  line  from  Cockbumspath  to  St.  Abbs  Head,  and 
thence   to   Bummouth,   north   of  Berwick,    displays   a   magnifi- 
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cent  section  of  rocks  uf  Tarannon  age,  wkere  both  types  of 
sedimentation  are  represented,  first  tlie  massive  grits  and  grey- 
wackes  (Queensbeny  Orits)  and  the  brown  weathering  flagstones, 
greywackes  and  calmy  shales  (Hawick  Rocks).  The  various 
convolutions  of  the  strata  exposed  in  this  remarkable  section 
are  described  and  illustrated  by  Sir  A.  Geikie  in  the  Survey  Memoir 
on  the  Geology  of  Eastern  Berwickshire,  from  which  the  following 
extract  is  taken :  — 

"  Standing  on  the  western  verge  of  the  precipices  of  St.  Abbs 
Head,  the  observer  sees  before  hTnri  one  of  the  wildest  clifiE-lines 
on  the  East  of  Scotland.  The  Silurian  strata  are  there  thrown 
into  vast  folds,  which  in  oft-changing  curves  jut  out,  headland 
after  headland,  here  worn  into  dim  twilight  creeks,  there 
standing  up  as  tangle-covered  reefs  and  skerries,  or  grey  sea- 
stacks,  round  which  the  gull  and  the  auk  and  the  solan  goose 
are  wheeling  above,  while  the  surge  is  ever  breaking  into  foam 
below.  His  eye  can  trace  the  stratification  of  the  cliffs  as  the 
sunlight  falls  on  each  successive  promotory,  now  on  an  arch  that 
has  been  half  removed  by  the  ocean,  now  on  a  trough  that 
descends  deep  into  the  precipice,  until  these  details  are  lost  in 
the  blue  distance,  as  the  coast-line  bends  away  by  the  rocks  of 
Fast  Castle." 

Along  that  part  of  the  coast-line  extending  from  Oockbumspath 
to  St.  Abbs  Head,  there  are  constant  repetitions  of  massive  grey- 
wackes, grits,  flagstones,  and  shales  (Queensberry  Grits),  while 
the  peculiar  liihological  type  representing  the  "  Hawick  Bocks  " 
is  found  near  Eyemouth.  Near  the  Siccar  Point,  Sir  A.  Geikie, 
together  with  Bamsay  and  Salter,  obtained  a  specimen  of  Mono- 
graptuB  priodon  in  the  course  of  the  survey  of  that  district,  which 
was  figured  by  Salter  in  the  Appendix  to  the  Memoir  on  the 
Geology  of  East  Lothian.  In  the  course  of  the  re-examination  of 
this  region  by  the  Geological  Survey,  a  characteristic  suite  of 
Tarannon  graptolites  was  recently  obtained  from  an  old  slate  quarry 
about  half  a  mile  south-west  of  Siccar  Point ;  possibly  the  same 
locality  which  long  ago  yielded  MonorfraptiLs  priodon.  The  excava- 
tion is  situated  about  250  vards  to  the  north-east  of  the  farmhouse 
of  Old  Cambus,  in  an  old  dry  water-course.  Here  grey  and  red 
fissile  shales  and  grey  flaggy  shales,  weathering  brown,  dip  in  a 
S.S.E.  direction  at  an  angle  of  80",  and  contain  fossils  in  consider- 
able numbers  in  certain  seams.  The  following  list  comprises  the 
forms  obtained  by  the  Geological  Survey  : 


Monoffraptus  priodon  (Bronn.) 
„  pandus  (Imw.) 

galaeruis  (Lapw.) 
. ,  JSinngeri  (Oarr. ) 

convoiutus  (HiB.) 
eonguus  (Nich.) 


»9 


Monograptus  crispuB  (Lapw.) 

Barrandei  (Tullb.) 
turriculatua  (Barr.) 
leptotheea  (lApyr,) 

Diplo^raptus  sin^iatus  (Kich.) 


Li  addition  to  these  graptolites  the  same  strata  peld  Crossopodia, 
Myrianiten,  and  other  tracks. 
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Moffat  District. 

In  the  Moffat  region,  the  Tarannon  Rocks  may  be  gi'ouped  as 
follows : — (1)  Purple  and  grey  flags  and  shales ;  (2)  greywackes 
and  shales  with  massive  grits  and  bands  of  conglomerate  (Queens- 
berry  Grits)  ;  (3)  grey,  green,  and  red  shales  with  rusty  bro\^Ti  flags 
and  greywacke  bands  (Hawick  Rocks,  Ardwell  Group).  The 
lithological  characters  of  these  various  groups  closely  resemble 
those  already  described  as  occurring  in  the  north-east  portion  of 
the  Central  Belt. 

The  green  and  grey  shales  of  the  first  sub-division  are  well 
seen  at  the  waterfall  in  the  lateral  gorge  at  Dobb's  Linn, 
where,  with  an  inverted  dip,  they  rise  hoin  underneath  the 
Rastrites  maaimiLS  zone  of  the  Upper  Birkhill  beds.  In 
,  many  of  the  anticlines  to  the  north  of  Dobb's  Linn, 
where  the  Birkhill  zones  partly  or  wholly  disappear,  this  zone  of 
green,  grey,  or  purple  shales  is  conspicuous.  It  is  not  improbable 
that  this  group  of  shales  may  in  part  represent  the  Birkhill  beds. 
To  the  north  and  east  of  Dobb's  Linn  the  phase  of  sedimenta- 
tion indicated  by  the  Abbotsford  flags  intervenes  between  the 
Birkhill  division  and  the  massive  grits,  which  are  there  repre- 
sented by  grey  or  purple  shales  and  flags  with  thin  greywacke 
bands. 

Next  in  order  come  the  massive  grits,  greywackes,  and 
shales  of  the  second  sub-division,  the  bands  of  grit  varying 
in  thickness  from  two  to  twenty  feet.  The  thin  partings  of 
shales  in  this  arenaceous  series  in  one  or  two  instances  yield 
fossils  ;  as,  for  instance,  on  Hunterheck  Hill,  two  miles  north-east 
of  Moffat,  where  Dexolites  grcLcilis,  Orossopodia  scotica,  and 
Myrianites  tenuis  have  been  obtained.  Occasionally  the  pebbly  grits 
merge  into  bands  of  coarse  conglomerate.  One  of  these  in 
ihe  neighbourhood  of  Moffat  is  locally  known  as  the  "  Bannock 
Rock."  The  various  outcrops,  evidently  repeated  by  folds,  are 
indicated  on  the  Map  (Sheet  16)  between  Moffat  and  Hartfell. 
Again,  towards  the  northern  margin  of  the  Llandovery  area^  a 
prominent  band  of  conglomerate  has  been  traced  from  the  basin 
of  the  Clyde  to  the  valley  of  the  Tweed.  One  locality  where  it 
ifi  typically  developed  is  in  the  Pinstane  Hill,  about  a  mile  and 
a  half  to  the  E.N.E  of  Little  Clyde  (8neet*16).  Here  the  rock 
possesses  a  greywacke  matrix,  in  which  are  embedded  rounded 
pebbles  of  quartz,  red  chert  with  radiolaria,  Arenig  volcanic 
rocks,  with  boulders  of  granite  and  quartzite  from  8  to  10  inches 
in  diameter.  Some  small  pieces^  of  mica-schist  phave  also  been 
observed.  The  fragments  of  quartzite'^'and  mica-schist  resemble 
rocks  of  those  types'  in  the  Eastern  Highlands  ;  there  can  be  little 
doubt  that  they  were  derived  from  that  region.  Their  occurrence, 
therefore,  in  the  Llandovery  conglomerate  at  Pinstane  suggests 
that  some  at  least  of  the  crystalline  schists  of  the  Eastern  High- 
lands had  been  elevated  and  denuded  prior  to  Llandovery  time. 
Towards  the  northern  limit  of  the  Llandovery  area,  the  massive 
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grits  seem  to  pass  laterally  into  greywackes  with  zones  of  shale 
(Dalveen  Group). 

From  certain  microscopic  sections  of  the  Llandovery  grey- 
wackes and  grits  from  this  region,  examined  by  Mr.  Tecdl,  it 
appears  that  some  of  the  bands  contain  quartz,  orthoclase, 
microcline,  plagioclase,  mica,  and  fragments  of  various  volcanic 
rocks  belonging  to  the  andesitic  and  felsitic  groups.  It  is  clear, 
therefore,  that  both  volcanic  and  plutonic  rocks  have  contributed 
to  their  formation.  The  fragments  are  angular  or  sub-angular. 
Well-rounded  grains  are  rare.  There  is,  further,  a  very  great 
variability  in  the  sizes  of  the  constituent  grains ;  indeed,  the 
material  does  not  appear  to  have  been  well  sort^  by  aqueous  action. 

For  a  distance  of  nine  miles  to  the  north  of  Moffat  the  Tarannon 
Bocks  (Queensberry  Grits),  as  has  been  shown  in  the  foregoing 
chapters,  are  constantly  repeated  by  a  series  of  inverted  folds,  the 
prevalent  dip  being  towards  the  north-west.  An  interesting  feature 
connected  with  this  plication  of  the  strata  in  the  northern  region  is 
the  development  of  slight  schistosity  in  the  grits,  greywackes,  and 
shales.  This  alteration  is  specially  noticeable  in  a  belt  of  ground, 
three  miles  in  width,  between  Nether  Howecleuch  in  the  Eyan 
Water  and  the  Little  Clyde,  excellent  sections  being  visible  in  the 
railway  cuttings.  Under  the  microscope  Mr.  Teall  has  observed 
that  "  these  schistose  greywackes  have  a  well-marked  micro-flaser 
structure,  and  that  the  fine  material  of  the  matrix  sweeps  round  the 
larger  constituents  in  fluxion  curves.  These  constituents  occasion- 
ally give  undulose  extinction,  indicative  of  strain,  but  they  have 
not  been  much  broken,  and  are  as  a  rule  sharply  separated  from 
the  matrix.  Peripheral  granidation,  so  common  in  the  gneis- 
soae  grits  of  the  Southern  Highlands,  is  entirely  absent." 
The  shales  are  converted  into  slates  approaching  phyllites, 
"  the  main  mass  being  a  fine-grained  aggr^ate  very  difficult  to 
resolve  under  the  microscope  into  distinct  individuals.  It  con- 
sists apparently  of  quartz  and  sericite,  with  minute  grains  and 
crystals  of  rutile  and  a  small  quantity  of  brown  or  black  granular 
matter,  which  gives  a  diriy  aspect  to  the  microscopic  section. 
The  sericite  occurs  in  the  form  of  very  minute  scales.  * 

The^  normal  type  of  the  Queensberry  Grits  of  the  Central 
Moffat  area  extends  as  far  south  as  Ettrick  Pen.  A  line  drawn 
north-east  and  south-west  along  the  south  side  of  the  watershed  on 
that  hill  roughly  indicates  the  southern  limit  of  this  type  of 
sediment,  for  to  the  south  and  east  of  that  line  the  rocks 
lose  their  massive  character.  For  some  distance  to  the  south 
of  this  line,  the  strata  consist  of  flagstones  shales,  and  greywackes, 
repeated  by  sharp  isoclinal  folds  whose  axial  planes  dip  to  the 
north-west  at  low  angles.  The  greywackes  are  traversed  by  a  series 
of  joints  coated  with  quartz  and  calcite,  and  break  into  sul>angular 
blocks  or  fragments.  The  shales  are  rudely  cleaved,  though  the 
cleavage  is  by  no  means  persistent. 

Reference  may  now  be  made  to  certain  shales  yielding  grapto- 
lites  which  occur  in  the  Tima  Water,  Hankie  Bum,  and  at 
Deloraine,   in  the   basin  of  the  Lower  Ettrick.      Some  of  these 
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bands  yield  Monograpttis  ^igmis,  and  it  is  therefore  probable  that 
they  belong  to  a  higher  horizon  than  the  Rastrites  maximus  zone 
of  the  Birkhill  Shales,  and  may  be  of  Tarannon  age. 

Tim  a  Water. — In  the  Lower  Ettrick  Valley  the  Tima 
Water,  about  a  mile  above  its  junction  with  the  Ettrick,  exposes 
thin  black  seams  which  dip  steadily  to  the  north-west  at  angles 
fix)m  30"  to  60".  At  the  northern  margin  of  their  outcrop  a 
few  graptolites  have  been  obtained,  where  the  shales  are  succeeded 
by  alternations  of  black  grits  and  shales  with  thin  bands  of  black 
shale.  The  beds  seen  furthest  up  stream  consist  of  grey  and  green 
mudstones.  The  strata  in  the  Tima  Water  and  on  the  Law  Kneis 
Hill  to  the  east  are  repeated  by  isoclinal  folds  and  are  accompanied 
by  reversed  faults. 

Rough  Sike,  Gameacleuch. — ^Twothin  bands  of  dark 
shale  in  this  section  jrield  imperfectly-preserved  graptolites.  In 
the  Annelshope  Bum,  about  600  yards  above  Annelshope,  similar 
seams  contain  Monograptidce. 

Rankle  Burn  and  its  Tributaries. — At  the  road- 
side at  Cacrabank,  on  the  Rankle  Bum,  a  thin,  dark,  rusty  band, 
interleaved  in  blue  shales  and  flaggy  greywackes,  supplied  Mono- 
graptus  exiguus^  M.  crispus,  and  M,  priodon,  forms  which  are 
characteristic  of  the  Tarannon  shales  north  of  Melrose.  Near  the 
head  of  the  March  Sike,  joining  the  Rankle  Burn  from  the  east, 
grits  of  the  Queensberry  type  come  to  the  surface,  stained  red  with 
hematite.  For  a  distance  of  about  50  yards  below  this  point  red 
greywackes  and  shales,  with  silky  bands  yielding  Rastrites  maximtte 
(Carr.)  and  other  forms,  dip  towards  the  north-west  at  angles  from 
40"  to  50".  They  are  succeeded  by  black  grits,  among  which  two 
thin  seams  of  black  shale  yielding  Diplograpti  are  associated  with 
dark  grey  greywackes  and  shales,  followed  by  a  band  of  black  shales 
from  four  to  five  inches  thick  yielding  Monograptus  exiguus. 

Not  far  to  the  south,  greywackes  and  shales  are  thrown  into  an 
isoclinal  fold,  and  rise  again  with  an  apparent  normal  dip  to  the 
north-west.  These  strata  rest  on  calcareous  grits  with  galls  of 
black  shale,  succeeded  by  rusty  grits  and  greywackes  underlain  by 
decomposing  rusty  mudstones,  which,  by  means  of  a  reversed  fault, 
are  made  to  overlie  thick-bedded  greywackes.  Below  this  point 
the  stream  cuts  through  boulder  clay.  But  from  the  evidence  now 
adduced  it  is  probable  that  there  is  here  the  remnant  of  a  fold,  the 
southern  limb  of  which  has  been  removed  by  a  reversed  fault. 

Again,  on  the  right  bank  of  the  Deloraine  Bum,  about  350  yards 
below  the  shepherd's  cottage,  dark  shales  with  Rastrites  maasimus 
dip  to  the  north-west  at  25".  Another  anticline  occurs  on  the  left 
bank  south  of  the  cottage. 

On  the  slope  of  Mossbrae  Height,  south  of  the  river  Ettrick, 
grey  grits  dip  at  from  15"  to  30".  The  north-east  face  of  the  hill 
presents  an  overhanging  cliff,  the  upper  portion  of  which  is  com- 
posed of  grits,  the  lower  of  grey  shales  with  dark  bands  yielding 
Rastrites  maximus,  Monograptus  crispus,  M,  Sedguncki.  In  the 
hollow  that  curves  round  the  hill  fragments  of  mudstones  and 
black  shales  were  observed. 
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To  the  south-east  of  the  watershed  of  Ettrick  Pen  repi*e8eiitative6 
of  the  "  Hawick  Bocks "  occupy  the  valleys  of  the  Teviot,  the 
Borthwick  Water,  the  Dryfe  Water,  and  some  of  the  tributaries 
near  Eskdalemuir.  They  consist  of  nisty  greywackes,  pale  argil- 
laceous shales,  and  flagstones  with  zones  of  red  shale.  Like  the 
prolongations  of  this  series  in  the  far  north-east  of  the  Central 
Belt,  these  beds  are  remarkably  barren.  Professor  Harkness, 
however,  obtained  Protovirgvlaria  Rarknessi  from  a  band  in  this 
series  in  the  railway  cutting  near  Lockerbie. 

From  the  apparent  order  of  superposition,  as  indicated  by  the 
inclination  of  the  strata,  one  might  infer  that  the  ^*  Hawick 
Bocks  "  are  here  arranged  in  the  form  of  an  anticline,  the  axis 
of  which  appears  to  run  from  Eskdalemuir  by  Lochmaben  to 
Dumfries.  This  structure  is,  however,  entirely  deceptive.  The 
strata,  as  a  result  of  intense  lateral  compression,  have  been 
thrown  into  folds,  of  which  the  axial  planes  dip  outwards  from  a 
central  line ;  that  is,  towai'ds  north-west  and  south-east  from  a 
line  running  along  Eskdalemuir. 


District  hetioeen  the  Nith  and  the  Cree. 

In  the  region  between  the  Nith  and  the  Cree,  the  Tarannon  Bocks 
may  be  arranged  in  three  divisions,  similar  to  those  already 
described,  viz. :  (1)  Flags  and  shales  with  greywacke  bands 
yielding  forms  characteristic  of  the  Monograptits  turricndatus  zone, 
(2)  massive  (Queensberry)  grits  and  greywackes,  (3)  Hawick  Bocks 
or  Ardwell  Beds. 

The  members  of  the  first  two  groups  stretch  from  Castle- 
Douglas  to  Dairy  and  New  Galloway,  where  they  lie  in  synclinal 
folds,  frequently  inverted  between  the  successive  arches  of  the 
Birkhill  Shales.  On  the  south  side  of  the  Moffat  black  shale 
band,  exposed  in  Trowdale  Glen  (p.  164),  beds  belonging  to  the 
Monograptvs  turrictdatus  zone  make  their  appearance  in  a  small 
quarry  on  the  north  side  of  Mountskip  Plantation,  and  about  500 
yards  south  of  Trowdale  Glen.  A  dark  band,  interleaved  in  sliales 
and  gi'eywackes,  has  there  yielded  the  following  forms  : 


Monograptus  turricukUv^s  (Barr.) 
„  exiguus  (Nich.) 

„  tenuis  (Porti.) 


Mofwgraptus  attenuatu4  (Hopk.) 
Diplograptus  patmceus  (Barr.) 
Aptychopsis  miiior  (Barr.) 


The  Tamnnon  age  of  the  flagstones  and  shales  above  the  Birk- 
hill division  of  the  Moffat  series  is  defined  by  the  occurrence  of 
Monograptus  exiguus  in  a  dark  seam  in  green  shales  south-west  of 
the  Coal  Heugh,  on  the  south  slope  of  the  Culcaigrie  Hill,  and  also 
near  the  Benjarg  Wood,  between  Kirkcudbright  and  Gatehouse. 

To  the  north  of  the  Moffat  Shales,  at  the  village  of  Lawrieston, 
reddish  grey  flags  and  shales  follow  in  regular  sequence  and 
dip  underneath  the  coarse  purple  grits  of  the  Livingstone  and 
Domell  Hills.  By  means  of  folding,  the  grits  are  spread  north- 
wards to  the  slope  of  TTlloch  Hill.     From  Drumglass  north  to 
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the  Heusol  Band  of  the  Moffat  Shales  there  are  several  rapid 
plications  of  the  flaggy  series  (Division  No.  1).  The  features  of 
this  series  may  be  studied  in  the  Parton  Slate  Quarries,  where  it 
has  a  reddish  tint  like^the  grits  associated  with  it. 

From  Parton  Station  northwards  to  Moniaive  (Sheet  9  of  the 
Survey  Map)  massive  (Queensberry)  giits  forming  the  dominant 
feature  of  the  Tarannon  Rocks,  vary  from  two  to  ten  feet  in 
thickness  and  sometimes  merge  into  bands  of  conglomerate.  An 
excellent  example  of  the  latter  rock  is  to  be  found  on  Craigenputtock 
Hill,  where  the  pebbles  consist  of  greywacke,  grey  shale,  black 
shale,  quartzite,  quai'tz-schist,  felsite,  vein-quartz,  &c.  The  most 
common  ingredient  is  greywacke,  the  pieces  measuring  from 
eight  to  ten  inches  across.  JSext  to  the  greywacke  pebbles  the 
fragments  of  quartzite  and  quartz-schist  are  the  most  numerous. 
In  the  presence  of  materials  probably  derived  from  the  Highland 
region,  the  Craigenputtock  conglomerate  resembles  that  at  Pin- 
stane  (p.  210).  The  pieces  of  black  shale  in  this  conglomerate 
contain  fragments  of  BiceUograjptus  and  Diplograptus, 

In  the  northern  portion  of  the  Tarannon  area  between  Loch 
Ken  and  Thomhill  in  Dumfriesshire,  no  zonal  graptolites  have 
been  obtained  from  the  few  lenticidar  exposures  of  black  shales 
in  the  midst  of  the  coarse  sediments.  Neither  have  any  de- 
terminable forms  been  procured  from  the  sediments  of  younger 
date  than  ihe  Moffat  Shales.  From  certain  dark  films  in  the 
slates  of  the  Mamhoul  Quarries  fragments  of  graptolites,  which 
may  probably  belong  to  one  or  other  of  the  BirkhiU  horizons, 
have  been  procured. 

From  Castle-Douglas  southwards  to  Kirkcudbright  Bay,  and 
onwards  to  Gatehouse-of- Fleet,  the  massive  (Queensberry)  grits 
give  place  to  a  different  series  of  strata  (Hawick  Bocks,  Ardwell 
Beds),  which  consist  of  brown-crusted  flags  from  three  to  six  inches 
thick,  with  grey,  green,  and,  in  some  instances,  red  shales.  These 
are  associated  with  brown,  yellow,  or  ochreous  greywackes  from  one 
to  two  feet  thick.  Frequently  the  shales  are  very  fissile,  splitting 
into  thin  laminae.  They  often  occur  in  zones  from  twelve  to  twenty 
feet  in  breadth.  Though  the  dominant  type  of  the  series  is  flaggy, 
yet  in  ceiliain  areas  bands  of  gi*eywacke?and*-  grit  can  be  traced  for 
considerable  distances.  These  usually  break  up  into  angular 
blocks.  From  the  oxidation  of  their  iron,  the  rocks  weather 
with  a  brown  crust  to  the  depth  of  about  half  an  inch,  but  on 
the  fresh  fracture  they  are  grey  or  blue.  Veins  of  quartz 
frequently  traverse  them,  and  their  joints  are  often  coated  with 
carbonate  of  lime.  Many  of  the  flags  and  greywacke  bands  effer- 
vesce with  acids. 

The  zones  of  shale  throughout  the  area  are  more  or  less 
cleaved.  On  the  west  side  of  Kirkcudbright  Bay,  north  of  Bar 
Point,  the  direction  of  the  strike  is  N.  35*  E.^  while  that  of 
the  clQ^ivage  is  E.  23''  N.  Again,  in  the  Borness  cliffs,  in  the 
parish  of  Borgue,  the  direction  of  the  strike  is  N.  36°  B.,  and 
that  of  the  cleavage  about  E.  30*"  N.      The  prevalent  trend  of 
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the   cleavage-planes  throngliout  the   area  is  about   E.N.E.   and 

The  best  section  of  the  Hawick  Rocks  (Ardwell  group) 
occurs  on  the  shore  between  the  mouth  of  the  Fleet  and  the 
Meikle  Ross,  on  the  west  side  of  Kirkcudbright  Bay,  where  the 
innumerable  plications  of  the  strata  may  be  seen  to  advantage, 
especially  between  Knockbrex  and  Kirkandrews  Bays.  So 
rapid  are  the  folds  that  upwards  of  sixty  anticlines  and  synclines 
have  been  mapped  between  Gorseyard  Point  and  Knockbrex,  a 
distance  of  one  mile  and  a  quarter.  Many  of  the  folds  are 
inverted.  The  presence  of  isoclinal  folds  in  strata  of  such 
uniform  lithological  character  shows  how  natural  it  is  to  exagge- 
rate the  thickness  of  these  sediments  by  trusting  merely  to 
apparent  superposition.  Indeed,  it  frequently  happens  that,  owing 
to  the  inclination  of  the  axes  of  the  folds  in  one  general  direction, 
the  strata  may  seem  to  dip  in  unbroken  sequence  towards  the  same 
quarter  for  a  considerable  distance,  while  along  the  same  line  of 
strike  at  no  great  distance  the  anticlines  and  synclines  may  assume 
a  normal  character  and  show  themselves  by  theii*  divergent  and 
convergent  dip.  For  example,  on  the  shore  section  on  the  west 
side  of  the  estuary  of  the  Dee,  between  the  Doon  and  the  base  of 
the  Wenlock  Bocks,  the  strata  ai*e  generally  inclined  to  the  south- 
west. But  along  the  same  line  of  strike  round  the  shores  of 
Falbogue  and  Brighouse  Bays,  onwards  to  the  Bomess  clifis,  they 
rarely  have  a  persistent  dip  in  one  direction.  Yet  there  can  be 
little  doubt  that  they  are  as  much  folded  in  the  one  case  as  in  the 
other. 

Here,  as  elsewhere,  the  group  of  Hawick  Bocks  is  singularly 
destitute  of  fossils.  At  Castle-Douglas  Station,  in  the  railway 
cutting  at  Halketleaths  Mill,  and  on  the  east  shore  of  Kirkcudbright 
Bay,  about  300  yards  north  of  Torr  Point,  Proiovirgidaria  Hark" 
nessi  has  been  obtained. 

District  West  of  the  Cree, 

The  various  sub-divisions  of  the  Tarannon  series  can  be  tiuced 
across  the  **  Rhinns  "  and  "  The  Machars  "  of  Wigtownshire.  At 
one  or  two  localities  in  this  region  fossils  characteristic  of  the 
Mmiograptus  exitjuus  zone  have  been  collected.  Thus,  in  the 
railway  cutting  to  the  north  of  Whaup  Hill  Station,  where  the 
strata  approach  the  type  of  the  Abbotsford  flags,  brown-crusted  flags 
and  shales  dip  north-west  at  high  angles.  They  are  surmounted 
by  flags,  shales,  and  greywacke  bands,  with  occasional  dark  seams, 
from  which  the  following  graptolites  have  been  obtained  : 

Mofwtjmpixu  exiauua  (Nich. )  '    PetalogixtpUts  pcUnutus  (Barr . ) 

„  SedffitncJci  (PoTtl,)  ,,  /oiit<m  (His.) 

„  Clingani  (Carr.)  Dhscxrutcann  or  Pdtoca/ruf. 

These  fossils  are  in  an  imperfect  state  of  preservation,  more  than 
half  of  the  specimens  collected  being  undeterminable. 


« 
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Afifain,  in  the  railway  cutting  near  Baldoon  Mains,  on  the 
south  side  of  the  Bladenoch,  a  thin  band  of  shale  interleaved  in 
greywackes  contains  Moywgraptus  exiguus  and  M.  convolulus.  In 
addition  to  these  graptolites,  specimens  of  Protovtrgvla/ria  were 
procured  from  the  bedjs  on  the  north  side  of  Garliestown  Bay. 

To  the  west  of  Luce  Bay,  the  Tarannon  Bocks  may  be  traced 
across  "  The  Rhinns "  from  Stoneykirk  to  the  Mull  of  Galloway. 
In  this  area  the  lithological  characters  and  relative  distribution 
of  the  various  sub-divisions  of  the  Tarannon  Bocks  closely  re- 
semble those  of  the  r^ons  already  described.  Fortunately  in 
one  of  the  zones  of  shale  which  overlie  the  Mofet  series, 
about  two  miles  north  of  Drummore,  graptolit^^  were 
obtained  indicating  the  horizon  of  the  M,  exiguus  or  M,  crispus 
zone.  These  strata  occur  at  Grennan,  on  the  east  coast,  about 
sixteen  miles  to  the  south  of  Stranraer,  where,  on  the  slope 
adjoining  the  road  leading  to  Drummore,  a  fine  development  of 
grey  and  blue  shales  has  been  quarried  for  slates.  On  the  south 
face  of  the  largest  of  the  artificial  openings,  which  has  been 
excavated  for  some  distance  along  the  strike,  the  strata  dip 
to  the  N.W.  at  angles  varying  from  65*  to  70°.  Here  a  seam, 
about  an  eighth  of  an  inch  thick,  dark  on  a  fresh  fracture  and 
bleaching  white  when  exposed  to  weathering,  is  interleaved  among 
the  slates,  and  encloses  in  considerable  abundance  well-preserved 
specimens  of  Monograpius  exiguus  and  M,  pandas.  At  the  road- 
side leading  into  this  quarry,  a  form  resembling  Monograptus 
crispus  was  found  among  the  debris.  At  the  top  of  the  rocky 
dip-slope,  half  way  along  the  quarry,  fine  specimens  of  Monograptus 
pandus  were  collected  in  a  thin  dark  film  bleaching  white,  one  of 
which  measured  IH  inches  in  length. 

On  the  rocky  headland  at  the  Mull  of  Galloway,  and  on  the 
clifis  near  St.  Medans  Cell,  typical  representatives  of  the 
Hawick  Bocks  occur.  They  consist  of  zones  of  fine  grey 
and  green  mudstones  and  calmy  shales,  alternating  with  grey- 
wackes, which  usually  weather  with  a  grey  crust.  Specimens  of 
ProtavirguUma  have  been  found  north  of  St.  Medans. 
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CHAPTEE  XII. 
n.  THE  NORTHERN   BELT. 

ARENIG,  LLANDEILO,  AND  CARADOC  FORMATIONS  IN  THE  DISTRICT 

BET^-EEN  ABINGTON  AND  EDDLESTON. 

We  have  now  to  consider  the  nature,  development,  and  tectonic 
arrangement  of  the  Silurian  rocks  which  extend  along  what  we 
have  termed  the  Northern  Belt  of  the  Southern  Uplands — that  is, 
the  long  strip  of  ground  w^hich  extends  from  the  northern  slopes  of 
the  Lammermuir  Hills  south-westwards  through  the  Moorfoot  and 
Leadhills  across  Upper  Nithsdale  and  Carrick  to  the  western 
coast  of  Loch  Ryan  and  Portpatrick. 

In  order  to  show,  in  the  first  place,  the  relation  of  the  volcanic 
rocks  at  the  base  of  the  Lower  Silurian  series  to  the  radiolarian 
cherts  and  overlying  black  shales,  we  shall  begin  with  certain 
typical  sections  where  the  sequence  can  be  established.  Some 
sections  show  the  relations  of  the  lavas  and  agglomerates  to  the 
cherts,  others  reveal  the  succession  from  the  radiolarian  cherts  to 
the  Climdcograpttis  cavdaius  zone  of  the  Hartfell  black  shales. 

Basin  of  the  Wcmdel  Water. 

About  three  miles  to  the  north  of  Abington  the  Clyde  receives 
an  important  tributary — ^the  Wandel  Water — ^which  drains  the 
high  ground  forming  the  watershed  between  the  Clyde,  the 
Tweed,  and  the  Culter  Water.  The  streams  uniting  to  form  the 
Wandel  Water  display  more  or  less  continuous  sections  of  the 
volcanic  series  and  the  overlying  sediments. 

Hawkwood  Burn. — ^One  of  the  clearest  sections  is  met 
with  in  the  Hawkwood  Bum  (Figs.  42, 43),  which  joins  the  Wandel 
Water  about  300  yards  to  the  north  of  Bimock  shepherd's  house 
(north-east  comer  of  Sheet  15  of  the  Survey  Map).  At  the  head  of 
this  stream,  about  throe-quarters  of  a  mile  above  its  junction  with 
the  Wandel  Water,  and  close  to  the  heath-clad  watershed 
between  the  Rome  and  Tewsgill  Hills,  the  volcanic  rocks  occur 
in  the  midst  of  the  cherts.  On  the  west  slope  of  the  hollow  cut 
out  by  this  stream  the  rocks  are  comparatively  bare  and  the 
sequence  on  the  north  side  of  the  anticline  is  quite  visible.  In 
the  centre  of  the  fold  lies  a  mass  of  volcanic  agglomerate  (1  Ts), 
dipping  at  a  very  high  angle  to  the  N.N.W.  The  breadth  of 
the  exposure,  measured  across  the  arch,  a  few  yards  up  the  west 
bank,  is  26  feet ;  so  that  the  actual  thickness  of  the  agglomerate 
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herais  13  feet.  The  mabrix,  dirty  green  in  colour  and  highly  decom- 
posed, is  made  up  apparently  of  finely  divided  igneous  detritus,  in 
which  lie  the  volcajiic  blocks.  The  latter,  sometimes  rounded 
and  sometimes  elongated  in  form,  and  varying  in  size  from  one  to 
several  inches  in  diameter,  consist  chiefly  of  vesicular  diabase. 


ITs.  Arenig  lava  and  agglomerate.  C.  Radiolarian  chert  and  sheUy 
mudstonea.  21-  QlenHb  Shales.  311-  Lower  Hartfell  Shales.  3.  Grey- 
wacke  and  shale  (Caradoc).     f .  Fault. 

On  the  north  side  the  a^lomci-ate  is  visibly  overlain  by  the 
red  cherts  (C),  their  breadth  of  outcrop  measuring  46  feet,  followed 
by  the  grey  chert  zone,  with  shales  and  mudstoues  covering  a 
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horizontal  distance  of  90  feet.  Here  this  sub-division  is 
evidently  repeated  by  folds,  for  in  other  sections  the  measure- 
ments give  a  smaller  thickness.  Beyond  the  grey  cherts,  in  a 
small  scar  on  the  west  slope,  some  black  shales  yield  fragments  of 
Glenkiln  foiins  in  very  poor  preservation,  and  are  abruptly  trun- 
cated by  a  fault  (/),  bringing  them  into  contact  with  greywackes 
and  shales. 
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Fio.  43. — Section  at  the  head  of  Hawkwood  Bum,  Wandel  Water. 

IB.  Arenig  lava  and  agglomerate.  1.  SheUy  luudBtone  (Arenig).  C.  Radio- 
larian  chert.  21.  Glenkiln  Shales.  311-  Hartfell  Shales.  3.  Greywacke 
and  shale  (Caradoc).     f .  Fault. 

In  the  south  limb  of  the  fold  the  red  cherts  are  seen  in  con- 
tact with  the  agglomerate,  succeeded  by  red  mudstones,  but  the 
grey  cherts  are  buried  underneath  rock  debris  and  vegetation. 
Beyond  the  covered  area  the  black  slates  again  appear  with 
ill-preserved  Glenkiln  graptolites.  On  the  east  bank  of  the  stream 
the  agglomerate  is  exposed,  evidently  passing  underneath  the 
overlying  cherts. 

In  the  lower  portion  of  this  bum  the  radiolarian  cherts  and 
black  shales  appear  in  several  folds  among  the  shales,  greywackes, 
and  g^ts.  In  the  sandy  shales  associated  with  the  greywackes 
specimens  of  Diplograptvs  foliaceus  have  been  obtained. 

Back  Grain,  Ragged  Gill. — A  confirmatory  section, 
showing  the  relation  of  the  volcanic  rocks  to  the  overlymg 
sediments,  occurs  in  a  streamlet  on  the  north  slope  of  Rome  Hill, 
draining  into  the  Bagged  Gill — a  tributary  of  the  Wandel 
Water  (Sheet  15  of  the  Survey  Map).  About  500  yards  above  its 
junction  vrfth  the  Bagged  Gill,  the  Back  Grain  branches  into  two 
small  streams.  In  the  north  branch,  slaggy  diabase-lava  can  be 
followed  a  short  distance  up  the  scar.  Here  a  thin  band  of  black 
shale,  which  has  as  yet  proved  unfossiliferous,  immediately  overlies 
the  lava  on  both  sides  of  the  fold.  Next  in  order  come  the  various 
sub-zones  of  the  radiolarian  cherts,  followed  by  the  Glenkiln  black 
shales  with  their  characteristic  fossils,  forming  the  tops  of  the  cliflFs 
on  both  sides  of  the  arch.     Near  the  head  of  the  streamlet  the  anti- 
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cline  "  noses  out,"  and  the  overlying  cherts  fonn  the  crest  of  the  fold. 
Towards  the  south  the  black  shales  are  repeated  by  isoclinal  folds, 
and  the  radiolarian  cherts  once  more  appear  on  another  fold; 
while  on  the  north,  the  diabase  lava  is  exposed  on  another  anti- 
cline. The  evidence  in  this  section  plainly  shows  the  infraposition 
of  the  diabase-lava  with  reference  to  the  radiolarian  cherts  and 
black  shales. 

Rough  Gill . — ^The  sequence  from  the  volcanic  rocks  into 
the  Glenkiln-Hartfell  black  shales  is  further  displayed  in  the  Rough 
Gill,  a  streamlet  joining  the  Bimock  Bum  in  the  extreme  north- 
west comer  of  Sheet  16  of  the  Survey  Map.  Here  three  streams 
unite  to  form  the  Wandel  Water,  the  Rough  Gill,  the  streamlet 
draining  a  rocky  hollow  named  the  DeiFs  Bam  Door,  and  the 
Bimock  Bum.  The  first  of  these,  lying  furthest  north,  has,  in  the 
upper  part  of  its  course,  cut  a  ragged  gorge  through  the  rocks  now 
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Fig.  44. — Section  from  Rouffh  Gill  to  Deil's  Bam  Door,  head  of  Wandel 

\^ter,  Lanarkshire. 

IB.  Areniglava.      C.  Radiolarian  chert.      21.  Glenkiln  Shales.      311.  Lower 
Hartfell  Shales.     3.  Grey wacke  and  shale  (Caradoc).     f .  Fault. 

under  consideration  (Fig.  44).  There  the  lava,  an  aphanitic  diabase 
or  altered  basalt,  is  well  exposed  on  the  left  bank  of  the  stream 
forming  the  core  of  the  arch  (1  B).  From  an  examination  made  by 
Dr.  Hatch,  this  rock  shows,  under  the  microscope,  a  plexus  of  small 
lath-shaped  felspars,  the  interstices  of  which  are  filial  by  alteration 
products  (chlorite,  calcite,  &c.).  The  augite  is  completely  decom- 
posed, and  there  are  a  few  small  amygdules  of  calcite. 

Towards  the  east  end  of  the  fold  ike  breadth  of  the  exposure  of 
diabase  is  48  feet.  On  the  south  side  it  is  truncated  by  a 
small  fault,  with  a  downthrow  to  the  south,  bringing  in  a  higher 
sub-zone  of  the  cherts  (C)  with  the  overlying  black  shales.  In  the 
north-west  limb  the  red  cherts,  decomposing  in  pari,  immediately 
overlie  the  diabase-lava  succeeded  by  the  higher  zones.  Here 
the  red  cherts  measure  30  feet  and  the  grey  cherts  42  feet  in 
thickness;  giving  a  total  thickness  of  72  feet  for  the  radio- 
larian cherts  and  mudstones. 

The  black  shales  overlying  the  cherts  in  this  section  have 
yielded  the  following  forms,  characteristic  of  the  Glenkiln  horizon : 

Didymograptus  auperstes  (Lapw.)  Climaoograptua  bicomia  (Hall.) 

Comoffraptua  gracilis  (HaU.)  Dicellograptus  sextans  (Hall.) 

Ixuiograptus  bimiuyrojiatus  (Nich.)  Carynoides  sp. 
,,           Harknessi  (Sich.) 
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About  300  yards  to  the  south  of  the  gorge  known  as  the  Deil's 
Bam  Door  this  band  of  black  shale  is  exposed  in  a  highly  con- 
voluted form.  In  the  lower  part  of  the  scar,  near  its  junction 
with  the  Bimock  Bum,  the  radiolarian  cherts  rise  from  under- 
neath the  black  shales.  Here  the  latter  are  fairly  fossiliferous, 
and  their  organisms  rather  well  preserved.  It  is  important  to  note 
also  that  in  this  section  specimens  of  Climacograptus  candatus 
have  been  obtained  in  abundance — a  form  confined  exclusively 
to  the  Lower  Hartfell  Shales,  and  indicating  a  Lower  Caradoc 
horizon.  The  following  fossils  were  obtained  from  some  of  the 
zones  in  this  gorge : 

Diflograptus  angustifolvus  (Hall.)  '    Betiolites  (Neurograptus)  fibratus  ? 

D%cranograpt\u  ramomia  (HaU.)  (Lapw.) 

,,             Nichohoni  (Hopk.)  Climacogrcmtus  caudaitu  (Lapw.) 

ClimaeagrapUu  hicomia  (Hall.)  Acrotreta  Nicholsoni  (Dav.) 
Corynaides  calycularis  (Nich.) 

This  assemblage  clearly  proves  that  some  of  the  higher  seams 
in  this  band  belong  to  the  base  of  the  Lower  Hartfell  black 
shales. 
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Fig.  46. — Section  in  Lead  Bum,  Wandel  Water,  Lanarkshire. 

1 B.  Arenig  lava.      C.  Radiolarian  chert.      21-  Glenkiln  Shales.      311.  Lower 
Hartfell  Shales.     3.  Greywacke  and  shale  (Caradoc). 

In  the  north-west  comer  of  Sheet  16  of  the  Map,  two  streams, 
the  Bimock  Bum  and  the  Deer  Gill,  running  parallel  with  each 
other  to  join  the  Wandel  Water,  drain  the  northern  slope  of  the 
watershed,  while  a  third  stream,  the  Lead  Bum,  also  flows  in  the 
same  direction.  These  three  bums  show  transverse  sections  of  the 
strata,  the  lowest  beds  exposed  being  the  radiolarian  cherts,  followed 
by  the  Glenkiln-Hartfell  black  shales  and  the  succeeding  shales  and 
greywackes.  The  probable  prolongations  of  the  same  outcrops  are 
indicated,  though  in  such  a  highly  convoluted  area,  where  the  folds 
die  out  so  rapidly,  the  correlation  of  anticlines  in  different  streams 
is  a  matter  of  uncertainty.  These  stream-sections  show  very  clearly 
the  extraordinary  reduplication  of  the  strata,  and  how  a  very 
limited  thickness  of  beds  may  cover  a  broad  area. 

The  Lead  Bum  has  a  fall  of  500  feet  in  three-quarters  of  a 
mile  (Fig.  45).  At  the  mouth  of  the  stream  the  rocks  are  buried 
under  boulder  clay  ;  but  about  300  feet  higher  up  the  cherts  appear. 
Here  their  upper  bands  are  particularly  massive,  insomuch  that 
they  have  been  used  for  building  dykes.      About  500  yards  from 
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the  foot  of  the  stream  a  massive  band  of  black  shales  occurs 
(Glenkiln-Hartfell),  which,  after  being  succeeded  by  greywackea 
and  shales,  again  emerges  further  up,  but  owing  to  inversion  it 
appears  to  overlie  the  greywackes.  Beyond  this  point  the  cherts 
and  black  shales  alternate,  till  at  the  1250-feet  contour  line  they 
are  followed  by  the  greywackes  and  shales,  dipping  at  steep  angles 
to  the  north.  The  latter  must  be  folded  rapidly  on  themselves,  for 
at  least  two  anticlines  of  black  shale  with  the  underlying  cherts  can 
be  traced  from  the  Sowen  Hill,  along  the  watershed  in  the  strike  of 
these  greywackes  and  shales. 

In  the  Deer  Gill  no  rock  is  exposed  for  about  150  yards  up 
stream  until  the  cherts  appear,  and  for  a  distance  of  400  yards  are 
constantly  repeated  by  the  folds,  which  are  well  seen  on  the  banks. 
About  600  yards  from  the  foot  of  the  bum  the  Glenkiln-Hartfell 
black  shales  succeed,  with  a  S.S.E.  dip,  and  plunge  underneath  the 
overlying  grey  shales  and  greywackes.  Beyond  this  point  the 
black  shales  reappear  in  several  folds,  one  of  which  reveals  the 
underlying  cherts. 

At  the  foot  of  the  Birnock  Bum,  and  iust  above  the  point  where 
it  is  joined  by  the  Kough  Gill,  the  Glenkiln-Hartfell  black  shales 
make  their  appearance,  while  the  radiolarian  cherts  are  visible 
a  few  yards  off  on  the  south-west  bank.  Here  the  following 
fossils  have  been  obtained : 


Didymograptus  superstea  ^Lapw.) 
Dicranograpiua  ramo»u8  (Hall.) 
DiceUograptus  sextans  (Hall.) 

,,  pat%Uo8tu  (Liapw.) 


Diplograptua  fdiaceits  (Murch.) 
Climacograptus  hicomis  (Hall.) 
„  caudatua  (Lapw.) 


The  outcrop  of  this  band  is  much  in  the  same  line  of  strike  as 
that  in  the  DeiPs  Bam  Door,  where,  as  already  indicated, 
Olimacograj)tvs  caudatus  also  occurs. 

Descending  the  Wandel  Bum  to  a  point  about  200  yards  above 
its  junction  with  the  Deer  Gill,  we  again  come  upon  the  black 
shales  on  the  north  bank  of  the  stream,  where  they  have  yielded 
the  fossils  enumerated  in  the  accompanying  list : 


Diplograptus  a/ngustifolius  (Hall.) 
„  miLcronatus  (Hall.) 

Dicranograptus  ramosiu  (Hall.) 


Climacograptus  sp. 
Hyalostdia  fasciculus  (M  'Coy. ) 


The  same  outcrop  of  black  shale  can  be  followed  along  the  north 
bank  to  the  mouth  of  the  Deer  Gill,  where  the  beds  are  inclined  to 
the  N.N.W.,  and  the  radiolarian  cherts  succeed  on  the  north  side 
with  an  inverted  dip.  This  exposure  has  given  the  following 
assemblage  of  Glenkiln-Hartfell  fossils : 

IXplogmptus  nviu^onatus  (Ea\\.)  \    Oryptograptus  tricomis  {Catt.) 

angustifolius  (Hall.)         \   Dicranograptus  ramosus  (KbH.) 
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/o2iaceus  (Murch.) 
CHimacograptus  codatus  (Lapw.) 
„  hicomis  (Hall.) 

Lasiograptxu  bimucr&natus  (Nich.) 


Amphigraptus  sp. 
Corynaides  calymlaris  (Nich.) 
Acrotreta  Nicholsoni  (Day  A 
Hyalostelia  fasciculus  (M^Cfoy.) 
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On  the  south  bank  of  the  Wandel  Bum,  just  above  the  mouth  of 
the  Deer  Gill,  a  thin  seam  of  black  shale,  containing  small  Diph- 
grapti  in  great  numbers,  occurs  among  greywackes  and  shales. 

B  e  i  n  Gil  1. — ^At  a  point  about  a  third  of  a  mile  above  the 
shepherd's  house  at  Bimock,  the  Wandel  Bum  receives  from  the 
north  a  small  tributary  named  the  Rein  Gill  (Sheet  15).  The 
section  exposed  in  the  lower  part  of  this  gill  is  of  importance,  from 
the  abundance  and  good  preservation  of  the  fossils.  Owing  to  the 
highly  convoluted  and  shattered  condition  of  the  black  shales  in 
this  northern  area,  it  is  often  difficult  to  get  a  good  assemblage  of 
fossils  to  prove  their  horizon,  and  even  more  difficult  to  sub-divide 
them  into  sub-zones.  From  this  exposure,  however,  a  large 
collection  has  been  obtained,  which  has  been  equalled  in  this 
district  only  by  the  fine  assemblage  from  the  outcrops  at  the  foot 
of  Hawkwood  Bum  to  be  described  presently.  These  organisms 
are  given  in  the  following  list : 


Didytnoffrapius  miperstes  (Lapw.) 
Coenograptus  gracilis  (HaU.) 
„  pertenuia  ^Lapw.) 

„  nitidtdus  (Lapw.) 

Diercmograptus  formotus  (Hopk. ) 

zic-zac  (Lapw.) 
ramosus  (Hall.) 
Nieholaoni  (Hopk.) 
Dicellograptus  pahdosus  (Lapw.) 

var.  B.  (Lapw.) 
sextans  (Hall.) 
intartus  (Lapw.) 
elegans  (Carr.) 
moffatensis  (Carr.) 
CUmacograpius  hicomis  (Hall.) 
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Clirruicograptus  pdtifer  (Lapw.) 

, ,  tridentaius  (Lapw. ) 

Cryptograptus  tricomis  (Carr.) 
Diplograptus  angustifolius  (Hall.) 
foUaceiis  (Murch.) 
euglyphus  (Lapw.) 
pereocca/vatus  (Lapw. ) 
Lasiograptus  marga/ritaius  (Lapw.) 
,,  Harknessi  (Nich.) 

,,  bimucronatus  (Nich.) 

Glossograptus  Hinckd  (Hopk.) 
Acroireta  Nicholsoni  (Dav.^ 
Acrothele  granulata  (Linn.) 
Hyalostdia  faacicndus  (M  'Coy. ) 


»> 
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From  this  list  it  is  apparent  that  the  band  of  shale  at  the  foot  of 
the  Rein  Gill  contains  some  forms  exclusively  confined  to  the 
Glenkiln  Shales  of  the  Mofiat  area,  and  some  which  occur  in  that 
division  and  part  of  the  Lower  Hartfell  Shales.  From  the  abun- 
dance of  the  form  DicraTiogTaptus  ramosus  in  one  of  the  seams  it 
would  almost  appear  as  if  the  passage  beds  between  the  Glenkiln 
and  Hartfell  divisions  were  represented.  Climacograptus  hicomis 
and  its  varieties  are  particularly  abundant  and  well  preserved  in 
this  section. 

The  black  shales  containing  this  assemblage  of  fossils  are 
the  first  rocks  met  with  in  the  ascent  of  the  stream.  The 
locality  is  about  100  yards  from  the  junction  of  the  Rein  Gill 
with  the  Wandel  Water.  The  beds  occur  on  the  north  bank  and 
also  in  the  channel  of  the  burn,  where,  with  an  inverted  dip,  they 
plunge  underneath  the  radiolarian  cherts.  Proceeding  up  the 
bum  the  observer  crosses  the  cherts  and  finds  another  outcrop  of 
the  black  shales  yielding  Diplograptus  arigustifolius,  D.  foliacetcs, 
Cryptograptus  tricomis,  Acrotreta  Nicholsoni,  Hyalostdia  fascicidus. 

Wandel  Water. — ^In  this  stream,  about  200  yards  below 
its  junction  with  the  Rein  Gill,  the  radiolarian  cherts  and  asso- 
ciated black  shales  again  appear.     From  some  of  the  seams  in 
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the  latter,  specimens  have  been  obtained  of  Diplograptus  angusii^ 
foliua,  Dicra7wgraptu8  ramosus,  Climacograptus  bicomis,  Corynoides 
calycularis.  At  the  point  where  the  Wandel  Water  is  joined  by 
the  Hawkwood  Bum  an  excellent  exposure  of  the  Glenlaln  black 
shales  supplies  graptolites  in  profusion  and  in  great  variety.  No 
less  than  seven  genera,  including  eleven  species,  were  counted  on 
one  small  slab.  The  shales  are  finely  banded,  and  split  into  thin 
laminsB  under  the  hammer.  On  the  south  side  they  are  in 
immediate  contact  with  the  greywackes  and  shales,  but  to  the  north 
the  succeeding  strata  are  obscured.  The  subjoined  list  enumerates 
the  organisms  obtained  at  this  locality  : 


Didymogra/pi'os  superstes  (Lapw.) 
, ,  serrcttvlus  (Uall . ) 

Thamnograptus  typus  (Hall.) 
Ckenograptua  groLcUis  (Hall.) 
,,  pertenuis  (Lapw.) 

,,  explanatus  (lApw.) 

,,  nUidulus  (Lapw.) 

Dieranograptus  formovas  (H ojik . ) 

zic-zac  (Lapw.) 
rtMMmAs  (HaU.) 
Nicholaoni  (Hopk.) 
Cflo8sograptu8  Hincksi  (Hopk.) 
Lasiograptus  margaritatus  (Lapw.) 
,,  himucronattis  (Nich.) 
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Dicellograptui  patulosiLS  (Lapw. ) 

,,     var.  B.  (Lapw.) 
moffatensis  (Carr.) 
divaricatus  (Hall.) 
aextana  (Hall.) 
, ,  irUartua  (Lapw. ) 

Oryptograptus  tricomia  (Carr.) 
Diplagmptus  rmicroruxtus  (Hall.) 

„  jrery  law  form. 
, ,  perexcavatu8  (Lapw. ) 

Climacograptus  bicomis  (Hall.) 
„  peUifer  (Lapw.) 

„  trident(xtu8  (Lapw.) 

Aerotreta  Nickolsoni  (Dav.) 


At  this  locality  Bidymofjraptus  superstes  is  especially  abundant, 
as  well  as  Cryptograjitus  ti'icomis.  It  is  deserving  of  note  that  the 
typical  Lower  Hartfell  graptolite  Climacograptus  cavdatus,  which,  as 
already  indicated,  occurs  in  the  black  shales  at  the  Deil's  Bam  Door, 
at  the  head  of  the  Wandel  Water,  has  not  been  found  in  this 
section,  though  the  succeeding  greywackes  and  shales  are  visibly 
in  contact.  It  is  not  improbable  that  this  fold  of  the  black  shales 
lies  to  the  north  of  the  limit  of  the  typical  Lower  Hartfell  grapto- 
lites ;  though  some  of  the  forms  found  at  the  foot  of  Rein  Gill  not 
far  to  the  south  still  indicate  an  assemblage  commonly  associated 
with  the  lower  zones  of  the  Lower  Hartfell  black  shales. 

Wallace's  Cast,  Wandel  Water. — Having  now 
described  the  sequence  of  strata  from  the  Arenig  volcanic  rocks 
and  overlying  radiolarian  cherts  to  the  Glenkiln-Hartfell  black 
shales,  we  shall  refer  to  the  sediments  which  succeed  these  grapto- 
lite-bearing  bands. 

Attention  has  already  been  directed  to  the  occurrence  of  Diplo- 
graptus  foliaceus  in  grey  sandy  shales  associated  vrfth  the  greywackes 
near  tke  foot  of  the  Hawkwood  Bum,  opposite  the  shepherd's 
house  at  Birnock.  The  section  in  the  Wandel  Water  to  the  north 
of  the  outcrop  of  black  shales  at  the  foot  of  Hawkwood  Bum  is  of 
special  interest  from  the  occurrence  of  a  highly  fossiliferous  zone 
in  the  ordinary  sediments,  at  Wallace's  Cast  (Sheet  15  of  the  Map). 
At  a  distance  of  300  yards  north  from  the  foot  of  Hawkwood  Bum, 
on  the  east  bank,  brown  shales  are  visible,  and  after  another  short 
break  in  the  section  the  fossiliferous  zone  is  met  with  on  the  same 
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side  of  the  stream.  This  important  band  consists  of  fine  grey 
shale,  containing  calcareous  nodules  and  lenticular  masses  of  pebbly 
grit.  The  fossils  occur  chiefly  in  the  limestone  nodules,  which 
decompose  readily  by  weathering ;  some  are  found  in  the  shales 
and  some  in  the  pebbly  grit.  The  limestone  nodules  are  not 
derivative.  Now,  though  no  continuous  visible  section  reveals 
the  relations  of  this  bed  to  the  Glenkiln  black  shale,  there  cannot 
be  any  doubt  that  these  fossiliferous  sediments  overlie  the  Glenkiln 
beds.  The  accompanying  generalised  section  (Fig.  46)  from  Rome 
HQl,  across  the  basin  of  the  Wandel  Water  to  Wallace's  Oast, 
shows  the  relative  position  of  the  various  sub-divisions  of  the 
lilandeilo-Bala  Rocks.  The  following  list  of  fossils  shows  that  the 
strata  at  Wallace's  Cast  are  referable  to  the  Bala  or  Caradoc  forma- 
tion. Indeed,  it  is  highly  probable  that  part  of  the  Lower  Hartfell 
black  shales  is  there  represented.  The  fossils  are  chiefly  casts,  but 
they  are  in  fair  preservation  and  easily  determinable  : 


NiduliUsfavus  (Salter.) 
Petraia  hina  (Lonfld.) 
Lmdstrihnia  (Petraia)  mbduplicata 

(M*Coy.) 
Stenopora  (FavonUs)  fibrota  {Qo\Sl,) 
Olyfiocrinus  haaalii  (M'Coy.) 
BncrvMiTus  jn«ncto^tM(Bruim. ) 
Phacops  Brongniarti  (Fortl.) 
lUcemu  laius  (M*Coy.) 
Bemopleurides  latermnnifer  (Portl.) 
Linmiia  attewuata  (Sow.) 
Orihis  caUigramma  (Dalm.) 
,,      (Dalman^lla)  eUgantula 

(Dalm.) 
,,  testudinaria 

(Dahn.) 
veapertUio  (Sow.) 
StrophonCma  carrugateUa  (Dav.) 

, ,  (Rafineaquina)  deltoidea 

var.  rotundaia(Connkd,) 
,,  grandis  (Sow.) 
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Strophomena  (Orthis)  kiUmchoenais 

(Dav.) 
„  rhomhoidaiia  (Wilck.) 

Leptcena  sericea  (Sow.^ 

var.  rnombica 

(M»Coy.) 
(Christiania)  ten/uicincta 

(M*Coy.) 
tranaveraalis  (Wahl.) 
Rhynchonella  Si/ricklandii  (Sow.) 

borealia  (?)  (Schl.) 
Pleu/rotomaria  (Raphistoma)  dliptico 

(fcs.) 
,,       lenticular  %, 
(Sow 
alata  (Wahl.) 
Murchisonia  gyrogorUa  (M'Coy.) 
Madurea  maoromphala  (M'Coy.) 
BeUerophon  acutus  (Sow.) 

,,         dilatatus  (Sow.) 
Comdaria  elongata  (Portl.) 
Pterotheca  conrugata  (Salter.) 


»» 
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To  the  north  of  the  outcrop  of  fossiliferous  shale  and  grit  at 
Wallace's  Cast,  grey  shales  with  occasional  greywackes  are  repeated 
bv  isoclinal  folds. 


Ahingio7i  Disirici  East  of  the  Clyde. 

In  the  Abington  district  lying  to  the  south-west  of  the  basin  of 
the  Wandel  Water,  and  to  the  east  of  the  river  Clyde,  the  Arenig 
lavas  and  overlying  Llandeilo  Rocks  are  exposed  in  various  folds. 
To  the  east  of  the  village  of  Abington,  the  Raggen  Gill,  which 
flows  towards  the  Clyde  and  drains  the  slopes  of  the  Tewsgill  and 
Arbory  Hills,  displays  a  section  of  the  volcanic  zone  and  overlyinp: 
sediments.  In  this  stream  the  radiolarian  cherts  are  exposed  at 
the  bend  about  half  a  mile  above  the  railway  to  the  south  of  Arbory 
Hill.     Traced  up  the  water-course,  they  seem  to  be  repeated  by 
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folds,  but  within  a  short  distance  debris  of  black  shales  is  found  on 
the  north  bank,  with  fragments  of  graptolites,  indicating  the 
position  of  the  Glenkiln  band.  Towards  the  south,  radiolarian 
cherts  again  appear,  with  greywacke  probably  lying  in  a  fold,  but 
eventually  they  give  place  to  the  volcanic  zone,  represented  here  by 
compact  diabase  or  altered  basalt.  Under  the  microscope  the  rock 
shows  plagioclase  felspar  in  small  lath-shaped  crystals,  brown 
augite  in  granular  and  ophitic  masses,  with  serpentmous  pseudo- 
morphs  after  olivine.  It  occurs  in  several|^folds  with  intervening 
cherts,  but  towards  the  upper  limit  of  the  section  the  radiolarian 
cherts  are  succeeded  by  a  band  of  black  shale  and  greywackes  and 
shales  (Fig.  47).  The  general  dip  of  the  strata  in  this  section 
being  towards  the  north-west,  the  folding  is  isoclinal.  Unfor- 
tunately the  iblack  shales  are  so  shattered  that  it  is  impossible  to 
prove  their  horizon  satisfactorily  by  fossil  evidence.  The  only 
forms  obtained  are  Diplograptus  cmgusiifolvus,  ClimacograptttSy  Aero- 
treta  NiehoUoni,  At  the  northern  limit  of  the  section,  on  Arbory 
Hill,  grey  grits  occur,  which  are  supposed  to  be  on  the  same  horizon 
as  the  fossiliferous  grits  of  Duntercleuch,  Lead  Hills  (Fig.  47). 
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Fio.  47. — Section  from  Arbory  Hill  to  Camps  Water,  Clydesdale. 

IB.  Arenig  lava.  C.  Radiolarian  chert.  21-  Glenkiln  Shales.  311.  Lower 
Hartfell  Shales.  3.  Greywacke  and  shale  (Caradoc).  3a.  Fossiliferous 
conglomerate  (Caradoc).     B.  Dolerite  dykes  (Tertiary). 

Coldchapel  Burn. — In  the  Coldchapel  Bum,  which  joins 
the  Clyde  about  a  mile  north  of  Abington,  several  folds  lay  bare 
the  radiolarian  cherts  and  black  shales.  At  the  bend  about  a  mile 
and  a  half  above  the  foot  of  the  stream,  the  black  shales  have 
yielded  Diplograptus  perexcavatiLS,  C.  bicomis  var.  peltifer,  Diplo^ 
graptuB  mucrcmaiiLS,  UHcranograptus  ramosus,  Acrotreta  Nicholsoni. 

Southwood  Burn. — On  the  hill  slope  east  of  Abington 
House,  the  south-west  prolongations  of  the  folds  reveal  the  lavas 
and  cherts  near  the  head  of  Raggen  Gill  and  Coldchapel  Bum 
just  described.  Here  two  small  burns  unite  to  join  the  Clyde 
opposite  Abington  House.  One  of  these,  represented  on  the  6-inch 
map  as  discharging  separately  into  the  Clyde  at  Southwood,  is  now 
a  tributary  of  the  other  or  Wintercleuch  Bum.  Not  far  above  the 
junction  of  the  two  streams  a  small  exposure  may  be  seen  of  pillowy 
lava  associated  with  the  grey  cherts.  Further  up  stream  the  red 
cherts  appear,  followed  by  similar  lava  and  cherts,  which  are  in 
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turn  succeeded  by  a  broad  mass  of  coarse  ophitic  dolerite  or  gabbro 
intrusive  in  the  Arenig  lava.  The  relation  between  the  two  is 
displayed  on  a  knob  of  rock  on  the  north  bank  of  the  bum, 
measuring  about  eight  feet  broad  and  three  feet  high.  Near  the 
head  of  the  stream  the  volcanic  rocks  are  succeeded  by  the  cherts 
and  black  shales  repeated  by  folds. 
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Fio.  48. — ^Section,  Southwood  Burn,  Abington,  Clydesdale. 

IB.  Arenig  lava.  C.  Radiolarian  chert.  21.  Glenkiln  Shales.  3n.  Lower 
Hartfell  Shales.  3.  Greywacke  and  shale  (Caradoc).  B.  Dolerite  dyke 
(Tertiwry). 

Wintercleuch     Burn. — For   some    distance    from   the 
railway  no  rock  is  visible  in  this  burn,  which  is  nameless  on  the 
1-inch  map.     About  100  yards  above  the  junction  of  the  two  bums 
the  first  rock  met  with  consists  of  coarse  dolerite,  showing  under  the 
microscope  much  altered  felspar  and  fresh  augite.     By  means 
of  small  knobs  on  the  hill  slope  this  coarse-grained  intrusive 
rock  can  be  traced  for  400  yards  in  a  south-west  direction  to  the 
alluvial  terraces  of  the  Clyde   opposite  the  foot  of  Glengonner 
Water.     Higher  up  the  stream  the  lavas  and  cherts  are  repeated 
by  compound  folds.     Along  the  strike  of  these  higher  folds  there 
is  evidence  of  the  development  of  flaser  structure  in  the  lava  by 
mechanical  movement.      About  170  yards  to  the  W.S.W.  of  the 
Wintercleuch  Bum,  on  the  north  side  of  a  knoll  of  rock  about  ten 
yards  broad,  near  the  1000-feet  contour  line,  the  normal  diabase-lava 
is  exposed,  the  pillowy  masses  measuring  in  some  instances  nine 
inches  by  seven  inches ;  while  the  remaining  portion  shows  the 
same    material    deformed.      In    places    the   nodular  masses   are 
flattened,  elongated,  and  surrounded  by  a  schistose  matrix;    in 
other  parts   they  disappear,  and  the  rock  merges  into  a  gi-een 
schistose  diabase  or  chlorite-schist.     Near  the  head  of  the  Winter- 
cleuch Bum,  the  Arenig  lava  is  succeeded  by  radiolarian  cherts, 
black  shales,  greyivackes,  and  shales. 

Castle  Hill,  Abington. — Southwards  from  Abington 
along  the  eastern  slope  of  the  Clyde  valley,  a  considerable  develop- 
ment of  Arenig  volcanic  rocks  and  radiolarian  cherts  may  be 
observed  to  the  north-east  of  Kirkton.  These  exposures  are 
interesting,  since  it  is  possible  to  connect  the  lavas  and  cherts  with 
the  fossiliferous  band  of  black  shales  seen  on  the  slope  near  the 
railway    cutting,   and   hence   with   the    important    band   in   that 
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catting  to  be  presently  described.  The  accompanying  section 
(Fig.  49)  is  drawn  across  the  brow  of  the  hill  in  a  N.N.W.  and 
S.S.E.  direction.  At  the  north-west  termination  various  folds 
of  the  cherts  (C)  and  black  shales  (2\  3")  appear  with  greywackes 
and  grits  (3).  At  the  old  Fort  orJCamp,  marked  on^the  map, 
the  greywackes  on  the  south  side  of  the  arch  are  brought  into 
contact  with  the  cherts,  without  the  black  shales  intervening. 
The  first  appearance  of  the  lava  represented  in  section  is  about 
170  yards  to  the  south  of  the  Camp,  while  another  outcrop,  not  in 
the  line  of  section,  occurs  a  little  distance  to  the  north  of  this 
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Fio.  49. — Section,  Castle  Hill,  Abington,  Clydesdale. 

IB.   Arenig  lava.     C.  Radiolarian  chert.     21  Glenkiln  Shales.     311-  Hartfell 
Shales.     3.  Greywacke  and  shale  (Caradoc).     f.  Fault. 

point.  The  main  exposure,  however,  is  found  about  300  yards 
to  the  south  of  the  Camp,  where  it  stretches  up  the  hill  slope 
with  an  average  breadth  of  forty  yards,  bounded  on  the  noiih 
side  by  the  radiolarian  cherts.  The  soutiiem  limit  is  marked  by 
a  grassy  hollow,  which  is  probably  a  line  of  fault,  as  greywackes 
immediately  succeed.  An  interesting  feature  is  observable  in 
connection  with  the  volcanic  rock ;  the  surface  facing  the  grassy 
hollow  is  nodular  or  brecciated,  as  if  the  cooled  skin  or  upper 
surface  had  cracked  up  into  pieces  which  were  enveloped  in  the 
still  molten  lava. 

Southwards  black  shales  and  radiolarian  cherts  are  followed  still 
further  south  by  three  small  isolated  masses  of  lava,  forming  inliers 
in  a  mass  of  Arenig  cherts.  Along  the  southern  margin  of  these 
cherts,  from  a  fine  exposure  of  black  shales,  the  following  charac- 
teristic Glenkiln  forms  have  been  collected  at  a  point  about  200 
yards  N.N.E.  of  the  railway  cutting  opposite  Kirkton  : 


CcBifiograptua  grctcUis  (Hall.) 

, ,  nitidulus  (Laj^w. ) 

Diiymograptus  superstes  (Lapw.) 
IHcranogroptus  formoaus  fHopk.^ 
„  minimus  (Lapw.) 

, ,  ramoaua  (Hall. ) 


I    DiceUograpUiS  seoetans  (Hall.) 

,,  moffatensis  (Carr.) 

I    Diplograptua  foliaceus  (Murch.) 
I  „  mt4cr<matu«(Hall.) 

:    Climacograptvs  bicomis  (Hall.) 


On  the  southern  slope  of  Castle  Hill  eastwards  to  Southwood 
Rig,  a  belt  of  ground  upwards  of  half  a  mile  in  width 
is  composed  mainly  of  plicated  Arenig  cherts,  with  black  shales 
forming  the  outer  margins  of  the  folds.       The  hill  slopes  are 
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strewn  with  debris  of  Uie  radiolarian  cherts,  and  the  black  shaleB 
are  visible,  sometimes  in  scars  and  aometimea  in  small  bums 
flowing  into  the  Camps  Water.  Indeed,  from  Uie  constant 
repetition  of  these  two  zones  it  is  apparent  that  the  strata,  thongh 
covering  bo  great  a  breadth  of  ground,  are  of  no  great  thickness 
and  have  been  subjected  to  much  plication.  Of  the  various 
emosures  of  black  shales  themostinterestingistobefoundin  the 
railway  cutting  about  a  mile  and  a  quarter  south  of  Abington. 


SCALE 
Fio.  60. — Section,  Ruilway  Cutting  opposite  Kirkton,  Abington,  Clydesdale. 

C.  RodioUrian  chert.  2L  Glenkihi  Shales.  311-  Lower  Hartfell  Shalee. 
3.  OrejwAcke  and  shale  (Caradoc).  F.  Pelsite  dyke.  f.  Fault. 
T.  Thrust  foulte. 

This  section  shows  the  extraordinary  disturbed  character  of  these 
black  shale  outcrops  where  they  can  be  studied  in  detail.  The 
bands  are  traversed  by  a  series  of  faults,  normal  and  reversed, 
which  renders  an  examination  of  the  beds  by  the  zonal  method 
a  matter  of  great  difficulty.  In  the  Abington  area  the  strata  are 
frequently  no  crushed  and  shattered  that  fossils  are  not  easily 
obtained  from  them. 

In  the  centre  of  the  section,  to  the  south  of  the  railway  bridge, 
a  small  exposing  of  the  radiolarian  cherts  is  truncated  by  faults  on 
both  sides.  North  of  the  bridge  the  grey^vackeB  and  shales  are 
brought  into  contact  with  the  black  shales  by  a  fault.  The 
following  forms  were  obtained  from  this  section : 

OUmacoffraptut  bkomii  (Hall.)  DiceUagraptu*  intorhu  (Lapw,) 

,,              pdtifer  (Lapw.)  ,,             degtnu  (f)  (Carr.) 

XNeeUo^raptiM  Kxfoni  (Hall.)  Latiograptui  margaritatui  (Lapw.) 

DtjrfojrojrfiumucTOiMidM  (Hall.)  ,               ,,            iforkneMi  (Nich.) 

„            fatuKtm  (Murch.)  I    Amphii/raptut  radiat^u  (!mw.) 

„            pertxeaBotiit  (I*pw.)  !    Dicranomipha  ramonu  (Hall.) 

Oryptograptw  tricomii  (Carr.)  |    Ooryiurides  nov.  ap. 

DietUogrt^Uu  FordAanntri  (Qein.)  i    Aerolrtta  Nidwltoni  (Dav.) 


It  is  clear  that  graptolites  common  both  to  the  Ulenkiln  and  the 
Lower  Hartfell  zones  are  met  with  in  this  section.     Indeed,  thi^ 
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asBemblage  of  species  proves  that  some  of  the  bands  at  least 
represent  the  base  of  the  Lower  Hartfell  black  shales.  This 
supposition  is  confirmed  by  the  evidence  obtained  in  a  quarry  at 
the  road-side  close  to  the  railway  cutting.  There  the  prolongation 
of  the  band  just  referred  to  is  visible,  and  the  section  further  shows 
a  passage  upwards  into  the  greywackes  and  shales.  From  one  of 
the  thin  seams  of  black  shale,  which  are  partly  dark  sandy  shales, 
in  this  quarry,  excellent  specimens  of  Climacograptus  cavdaivs  have 
been  gathered.  The  paLadontological  evidence  indicates  that  the 
highest  zone  represented  is  intermediate  between  the  Pleuro- 
gra/piue  linearis  zone  and  the  Climacograptvs  Wilsoni  zone.  It  is 
interesting,  too,  to  observe  that  this  evidence  is  in  accordance  with 
that  found  in  the  section  at  the  Deil's  Bam  Door  at  the  head  of 
Wandel  Water. 

The  following  is  the  list  of  fossils  obtained  from  the  qusjry 
beside  the  railway  cutting : 

Climaeo^ruptus  eaudatus  (Lapw.)  .    Qlosaograptus  Hinckd  ^opk.) 

„             btcomis  (Hall.^  Corynoidea  cdlycuUm»  (Nicn.) 

Diplogriaptui  nyucronaibus  (Hall.)  >    Acrcihele  gramUata  (Lumr.) 
t,         pertxeavatu8(LApw,) 

When  the  collection  of  graptolites  was  made  from  the  section  in 
the  railway  cutting,  only  some  of  the  seams  proved  fossiliferous ; 
had  the  band  in  contact  with  the  radiolarian  chert  yielded  fossils 
they  would  probably  have  belonged  to  the  Glenkiln  horizon. 

Whelphill  Grain s. — About  two  miles  to  the  south-east 
of  Abington,  the  Clyde  receives  two  tributaries  on  its  right 
bank,  the  Gamps  Water  and  Midlock  Water.  Various  exposures 
of  black  shale  are  visible  at  intervals  along  a  line  traceable 
from  Whelphill  on  the  Afidlock,  by  Grains  on  the  Camps 
Water  (Sheet  16),  across  the  boundary  between  the  counties  of 
Lanark  and  Peebles,  onwards  to  the  sources  of  the  Holms  Water 
above  Glencotho.  It  is  highly  probable  that  some  of  these 
may  occur  on  separate  inverted  folds,  and  that  they  may  not 
be  prolongations  of  one  and  the  same  continuous  outcrop.  The 
black  shides  occur  in  grey  sandy  shales  (Lowther  Shales)  and 
giits,  the  beds  having  a  general  inclination  to  the  north-west. 
Several  local  isoclines  of  black  shale  are  found  near  the  main 
folds,  as,  for  example,  in  the  Grains  Bum — a  tributary  of  the 
Camps  Water,  and  the  Back  Bum  south  of  Culter  Waterhead. 
Owing  to  the  highly  contorted  and  shattered  character  of  most  of 
these  black  shales,  few  fossils  have  been  obtained  from  them.  At 
Whelphill  they  have  supplied  DicellograptiLs  moffaieTms  much 
distorted,  IHplograptus  foliaoeuSj  and  ClimoGogra/pivs ;  at  Grains 
they  have  afforded  DiceUograptiis  Forchhcmmeri,  Climacograpius 
biecmis^  and  Corynoidea  ccdycularis. 

In  a  small  tributary  of  the  White  Gill,  named  the  Reeve  Sike, 
between  Whelphill  and  the  Grains,  radiolarian  cherts  are  exposed 
with  the  black  shales.  Again  in  the  Gbains  Bum,  about  440 
yards  above  the  Grains  shepherd's  house,  an  exposure  of  black 
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shales  on  the  nght  bank  of  the  stream  furnished  the  following 
forms : 


Leptograptus  flcMiidua  (Hall. ) 
IXplagraptus  foliaceiis  (Murch.) 
BetiolUes  (Neurograptus)Jibratus 

(Lftpw.) 
Olostograptiu  Hincksi  (Hopk.) 


DiceUograptus  inoffatenm  (Oarr.) 
Oryptograptiu  tricomis  (Cair.) 
qUviocogmpUu  sp. 
Siphonotreta  mtctUa  (M'Coy.) 


The  area  between  the  great  complex  assemblage  of  volcjanic  rocks, 
radiolarian  cherts,  and  black  shales  at  the  head  of  the  Wandel  Water 
and  the  Whelphill  band,  about  two  miles  to  the  south-east,  is 
occupied  by  a  lolded  series  of  greywackes  and  shales  with  bands 
of  grit  and  occasionally  of  conglomerate  which  have  hitherto  proved 
unfossiliferous.  In  a  baud  of  conglomerate  in  the  Back  Bum, 
about  half  a  mile  up  stream  from  Culter  Waterhead,  fragments 
of  chert  with  radiolaria  occur. 

The  strip  of  ground  between  the  Whelphill  outcrop  of  black 
shales  and  the  line  marking  the  base  of  the  Llandovery 
Bocks  in  Sheet  16  is  occupied  by  a  development  of  grey  and 
blue  shales  weathering  frequently  into  a  brown  or  buff  colom*. 
Where  a  fresh  fracture  can  be  got  they  often  contain  minute 
specks  or  spots  due  to  an  iron  carbonate,  the  decomposition  of 
which  gives  rise  to  the  brown  tint  (Lowther  Shales).  They  are 
associated  with  greywackes  and  pebbly  gnts,  which,  however, 
form  a  minor  feature  of  the  series.  Their  notable  characteristic  is 
the  occurrence  of  nodules  of  limestone  embedded  in  the  shales. 
Sometimes  they  coalesce,  fonning  a  continuous  line  of  nodules. 
Occasionally  thin  ribs  of  limestone  are  interleaved  in  the  shales 
associated  with  calcareous  grits  that  yield  traces  of  fossils.  The 
limestone  nodules  can  be  traced  in  Sheet  16  of  the  map  for  some 
distance.  They  appear  in  a  small  bum  about  three-quarters  of  a 
mile  to  the  east  of  Whelphill,  and  again  in  a  stream  on  the  east 
slope  of  Midge  Hill.  Beyond  the  Camps  Water,  they  can 
be  traced  from  the  head  of  the  Fair  Bmii  to  the  source  of 
the  Whitelaw  Bum,  on  the  watershed  south  of  Coomb  Dod. 
They  reappear  on  the  north-west  of  the  Eingledores  Bum,  on  the 
slope  of  tne  Coomb  Hill.  At  some  of  these  localities,  as,  for 
instance,  at  the  head  of  Fair  Bum,  Camps  Water,  the  calcareous 
grit  occurs  in  connection  with  the  nodules  of  limestone.  There 
can  be  no  doubt  that  these  calcareoub  nodules  and  grits  represent 
the  well-kno^^Ti  Wrae  limestone  to  be  described  presently.  The 
shales  with  which  they  are  associated  are  regarded  as  the  equiva- 
lents of  the  Barren  Mudstones  of  Moffat. 

Culter  Water  District. 

To  the  north-east  of  the  complicated  area  in  the  upper  reaches 
of  the  Wandel  Water  a  similar  development  of  Ai-enig  volcanic 
rocks  and  overlying  sediments  may  be  seen  in  the  various  streams 
that  unite  to  form  a  tributary  of  the  Culter  Water  at  Birthwood, 
about  two  miles  south  of  Culter.     Several  of  these  streams  rise 


The  Northern  Belt — Arenig,  LlandeUo,  Caradoc  Rocks,       233 

on  the  north  slope  of  the  watershed  in  the  north-west  comer  of 
Sheet  16.  On  referring  to  that  map  it  will  be  seen  that  a 
conspicuons  arch  of  diabase-lavas  and  tuffs,  with  the  associated 
radiolarian  cherts  and  black  shales,  occurs  on  the  watershed, 
extending  eastwards  to  Duncan  Gill  and  passing  into  Sheet  24. 
Attention  will  be  directed  first  to  the  sections  at  the  head  of 
these  streams  connecting  the  geological  structure  of  the  Wandel 
Basin  with  that  of  Culter  Water. 

Duncan  Gill. — From  the  section  in  the  upper  part  of 
Duncan  Gill,  where  its  course  is  north-east  and  parallel  with  that 
of  the  Bimock  Burn,  important  evidence  has  been  obtained. 
In  a  scar  on  the  west  bank  of  the  stream,  in  a  line  with  the  gorge 
of  the  Deil's  Bam  Door  {ante  p.  221),  and  separated  from  it  only 
by  a  few  yards,  the  radiolarian  cherts  with  the  basal  red  zone  are 
visible  at  the  bottom  of  the  gully.  The  black  shales  which  then 
succeed  may  be  traced  almost  continuously  to  the  Deil's  Bam  Door 
section.  The  graptolites  obtained  from  Duncan  Gill  include 
excellent  specimens  of  Climacogra/pius  cavdatvs,  showing  that  the 
Lower  Hartfell  horizon  is  represented  in  this  part  of  the  Culter 
Basin. 

Further  up  the  stream,  the  radiolarian  cherts  are  repeated  on 
successive  anticlines  overlain  bv  the^  Glenkiln-Hartfell  black- 
shales.  In  the  outcrop  of  black  snales  in  Duncan  Gill,  300  yards 
south  of  the  scar  just  referred  to,  GlirrKicograptus  caudatus  occurs 
with  other  graptolites.  Nearer  the  watershed  at  Duncan  Gill  Head 
this  band  is  succeeded  by  shales  and  coarse  grits,  forming  part  of 
the  Caradoc  formation  of  this  region.  The  accompanying  section 
(Fig.  51)  shows  the  extraordinary  folding  of  the  rocks.  At  the 
north  end  of  the  tract  illustrated  by  this  section  (Sheet  24  of  the 
Survey  Map),  greywackes  and  shales  form  the  high  ground,  but  the 
Glenkiln-Hartfell  Shales  come  to  the  surface  north  of  Mere  Cleuch, 
and  are  repeated  by  various  folds  as  far  as  the  Eastside  Bum. 
In  this  stream,  at  the  point  where  it  is  joined  by  the  Duncan  Gill 
(on  the  south  margin  of  Sheet  24),  the  black  shales  are  seen  near 
the  volcanic  rocks.  Here,  on  the  further  side  of  a  fault,  a  fine 
exposure  of  diabase-lava  runs  for  a  distance  of  150  yards  along  an 
isoclinal  fold.  This  inlier  of  the  volcanic  rocks  is  one  of  the  largest 
in  the  basin  of  the  Culter  Water,  since  it  can  be  traced  for  a  mile 
from  the  Eastside  Bum  (Sheet  24),  south-west  by  the  head  of  Big 
Sma'gill,  to  the  watershed  at  the  sources  of  the  Wandel  Water 
(Sheet  16).  The  main  mass  is  composed  of  highly  amygdaloidal 
aphanitic  diabase  (altered  basalt),  which  is  much  decomposed.  The 
augite  is  completely  altered  into  chlorite,  and  the  amygdules  are 
filled  with  calcite.  Round  the  western  end  of  the  fold  a  band  of 
tuff  overlies  the  lava,  and  is  succeeded  on  the  south  side  by  the 
radiolarian  cherts. 

The  section  which  continues  [southwards  towards  the  head  of 
Duncan  Gill  displays  a  constant  repetition  by  isoclinal  folds  of 
the  radiolarian  cherts  and  Glenkiln-Hartfell  black  shales  with- 
out exposing  the  volcanic  zone.       It  is  interesting  to  note,  in 
connection  with  the  wonderful  corrugation  of  the  beds  in  this 
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area>  that  near  the  head  of  Deer  Uill — a  tributary  of  Duncan 
Gill — while  the  cherts  are  visible  in  the  bottom  of  the  gorge  in 
continxLOTis  section,  the  outcrop  of  the  overlying  black  shales 
can  be  traced  along  the  top  of  the  west  bank  repeated  by 
numerous  folds  (Sheet  16,  north-east  comer). 

Big  Sma'gill. — At  the  south  end  of  the  section  in  Big 
Sma'gill  that  unites  with  Eastside  Bum  to  form  Cow  Gill  the 
arch  of  diabase-lava  with  overlying  tuff  is  met  with,  being 
the  western  prolongation  of  the  fold  just  described  at  the  mouth 
of  Duncan  Gill.  Owing  to  a  faidt,  me  normal  sequence  of  the 
cherts  is  not  visible.  To  the  north  of  the  volcanic  rock§  succeed 
shales  and  grits  with  a  bed  of  conglomerate.  A  thin  band  of  black 
shales  rapidly  appears,  followed  by  shales  and  pebbly  grits.  Here 
for  a  distance  of  100  yards  rapidly  folded  black  shales  may  be 
observed,  which  have  yielded  Climacograptua  Incomis,  DiplograptvSj 
Corynoides  calyculcuris,  and  Siphonotreta  micula.  By  a  series  of 
isoclinal  folds  these  black  shales  are  repeated  with  a  persistent  dip 
to  the  N.N.W.,  and  evidently  it  is  chiefly  the  higher  seams  that  are 
represented.  Northwards,  the  overlying  shales  and  grits  again 
appear,  followed  by  another  fold  of  the  Glenkiln  Shales  dipping 
towards  the  south. 

Shank  Houp. — This  stream,  which  runs  north  to  join  the 
Cow  Gill  about  a  mile  west  of  Birthwood,  on  the  Culter  Water,  has 
a  course  roughly  parallel  with  that  of  the  Eastside  Bum,  and 
exposes  a  transverse  section  of  the  strata.  Although  it  has  not  laid 
ham  any  of  the  volcanic  rocks  it  reveals  the  radiolarian  cherts  on 
two  anticlines,  together  with  the  Glenkiln  black  shales  and  over- 
lying sediments.  Eastwards,  along  the  strike  of  these  folds  in  the 
Culter  Water,  the  radiolarian  dierts  and  black  shales  "nose 
out,"  and  the  anticlines  are  represented  in  higher  beds,  com- 
posed of  the  overlying  grits,  greywackes,^and  shales.  Thus  as  we 
follow  the  anticlines  from  ^e  sources  of  the  '\Yandel  Water  to 
the  tributaries  of  the  Cidter  Water  we  gradually  pass  to  higher 
zones.  It  is  reasonable,  therefore,  to  infer  that  the  Caradoc  beds 
are  quite  as  much  folded  as  the  underlying  Arenig  and  Llandeilo 
rocks,  though  from  the  absence  of  recognisable  zones  it  is  difficult 
to  prove  it. 

Woody  Clench. — On  the  north  slope  of  Woodycleuch 
Dod,  a  small  stream  flows  into  the  Shank  Houp,  which,  near  the 
foot,  displays  the  diabase-lava.  No  rock  is  visible  on  the  north  side 
of  the  diabase,  but  to  the  south  the  red  nodular  cherts  immediately 
succeed,  followed  by  the  higher  zones  and  the  black  shales.  By 
means  of  isoclinal  folds  the  cherts  and  Glenkiln  black  shales 
reappear,  followed  towards  the  south  by  the  greywackes  and  shales. 

We  shall  now  describe  a  group  of  sections  on  the  west  side  of 
the  Culter  Water,  near  the  margin  of  the  tableland,  and  within  a 
mile  and  a  half  of  the  great  fault  that  brings  the  Old  Bed  Sand- 
stone volcanic  rocks  into  conjunction  with  the  Silurian  strata. 

Key  Gill. — ^About  a  mile  and  a  half  to  the  south-west  of 
Birthwood,  on  the  Culter  Water,  in  a  streamlet  named  the  Key 
Gill,  which  joins  the  Cow  Gill  about  400  yards  below  the  shepherd's 
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houBe  of  that  name  (Fig.  62),  an  excellent  exposure  of  the  strata 
shows  their  sequence  from  the  radiolarian  cherts  to  an  important 
band  of  conglomerate,  which  is  regarded  as  the  south-west  pro- 
longation of  the  foBsilifeious  grit  at  Kilbucho,  This  may  be 
regarded  as  the  type-section  for  this  part  of  the  Culter  Water  basin. 


"         2ScS 

Fio.  62.— Sectio 

21>  GleDkitn  Shttlea.     2.  LUndeilo  series.     3.  OarsdcM  series.     H.  Pebbly 

grib,  fusailif erouB. 

The  stmta  are  here  arranged  in  an  isoclinal  fold  dipping  towards 
the  S.S.E.  In  the  centre  lie  the  cherts,  succeeded  immediately 
by  the  Glenkiln  bUick  shales  (2'),  followed  by  grey  sandy  shales  with 
greywackes  (2  &  3).  These  are  overlain  in  turn  by  a  band  of  con- 
glomerate and  grit  (H)  representing  the  horizon  of  the  Kilbucho 
grit.  On  tlio  uort.li  side  of  the  isocline  the  outcrop  of  this  bed  is  a 
little  further  distant  from  the  centre  of  the  arch  than  that  on 
the  south  side.  In  its  lithological  character  and  modes  of 
weathering  thia  grit  closely  resembles  the  fossiliferous  grit  of 
Kilbucho  to  be  described  in  the  sequel.  It  also  contains  frag- 
ments of  fossils.  A  glance  at  the  map  will  nhow  that  the  bands 
of  fossil it'erons  grit  on  the  south  slopes  of  Lamiugton  Hill  and 
Howegill  Rig  lie  much  in  the  same  line  of  strike  as  the  well-known 
bed  at  Kilbncho,  the  various  outcrops  being  due  to  folds. 

On  the  road  between  Cow  Gill  and  Lamington  House,  south- 
west ol'  Key  Gill,  an  anticline  of  the  radiolarian  cherts  is  locally 
known  as  the  Giant's  Grave.  To  the  west  of  this  exposure,  near  a 
small  loch,  an  outcrop  of  black  shales  has  yielded  Climacograptui 
peltifer,  Diceliograptug  sextans,  H.  divaricatus,  and  Corynoidss  co^fcu- 
larit. 

Howe  Gil  1. — About  half  a  mile  to  the  east  of  Key  Oill 
an  interesting  section  is  visible  in  the  Howe  Gill,  which  drains  the 
hollow  between  the  Lamington  Hill  and  Howegill  Rig  (Fig.  53). 
Three  successive  anticlines  expose  ivith  great  clearness  the  i-adio- 
larian  chertfl,  including  both  their  red  and  grey  sub-zones.     In  the 
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two  northerly  folds,  and  particularly  in  the  central  one,  the  Glen- 
kiln  black  shales  are  well  displayed  immediately  overlying  the 
cherts  and  mudstones.  These  are  succeeded  by  grey  shales  and 
greywackes,  with  the  band  of  fossiliferous  grit  which  is  laid  bare 
in  the  stream  between  the  central  fold  and  that  to  the  south. 

This  section  is  of  further  interest,  because  the  crest  of  the  hill 
displays  a  fine  outcrop  of  the  typical  "  Haggis  Rock,"  pierced  by  a 
mass  of  camptonite.  Attention  will  be  directed  to  the  characteristic 
features  of  this  conglomerate  rock  as  they  are  developed  north  of 
Snaip.  Meanwhile  it  is  sufficient  to  indicate  that  though  the 
''  Haggis  Bock"  and  its  associated  strata  are  inclined  to  the  south- 
east, and  apparently  dip  below  the  radiolarian  cherts  and  black 
shales,  it  seems  to  occupy  the  same  position  relatively  to  the 
radiolarian  cherts  as  the  representative  of  the  Kilbucho  fossiliferous 
grit.  Indeed,  the  strata  generally  throughout  the  Howe  Gill  dip 
towards  the  south-east,  and  the  axes  of  the  various  anticlines  are 
therefore  inclined  in  that  direction. 

The  Wind  Gill,  which  joins  the  Cow  Gill  about  half  a  mile  west 
of  Birthwood,  reveals  a  similar  series  of  isoclinal  folds,  with  the 
radiolarian  cherts  in  the  centre,  followed  by  the  Glenkiln  black 
shales,  sandy  shales,  greywackes,  and  the  Kilbucho  conglomerate. 
The  underlying  volcanic  rocks  have  not  been  met  with  in  any  of 
these  folds  in  this  portion  of  the  Culter  Water  basin. 

G  a  i  r  Gil  1. — In  this  stream,  which  flows  into  the  Culter  Water 
about  half  a  mile  south  of  Snaip,  an  outcrop  of  black  shales  has 
yielded  fossils  characteristic  of  the  Glenkiln  division  (Fig.  54). 
The  section  is  not  continuous,  but  in  the  light  of  the  evidence 
already  adduced  it  is  possible  to  assign  their  relative  positions  to 
the  various  groups  of  strata.  At  the  head  of  the  stream,  where  it 
divides  into  two  small  "  sikes,"  the  Glenkiln  black  shales  dip  at  a 
high  angle  to  the  south-east,  and  have  there  yielded  the  following 
forms: 


Ocmograptus  gracilis  (Hall.) 
,,  pertermis  (Lapw.) 

surcxdaris  (Hall.) 


,,  OMrr  WMivwr  *»  y.>^aM.  f  ,f 


DiceUograptus  moffatensis  (Garr.) 
,,  divaricatus  (Hall.) 

paUdomu  (Lapw.) 


Didymograptua  auperstea  (Lapw.)  i  ,,  sextcms  CHaXLT) 

l>tcr(mograpttM  mminu(5  (Lapw.)  '  IXplogmptus  foliwiexis  (Mxirdti.) 

,,  ramoms  (Hall.)  ;  „  pereoccavc^AM  (Lapw.) 

Orypto^raptw  tricorms  (Carr.)  \  Acrothele  granuUxta  (Linnr.) 

An  analysis  of  this  list  shows  it  to  include  certain  forms  exclu- 
sively confined  to  the  Glenkiln  division,  and  others  which  are 
common  to  that  division  and  the  lower  zones  of  the  Lower  Hartfell 
black  shales.  The  assemblage  of  fossils  proves  that  here  the 
characteristic  fauna  of  the  black  shale  band  still  overlies  the 
radiolarian  cherts  as  at  Abington.  In  a  sike  at  the  head  of  Gair 
Gill  this  black  shale  apparently  comes  to  the  surface  along  an 
isoclinal  fold,  for  towards  the  noi*th  it  is  rapidly  succeeded  by  grey 
sandy  shales,  greywackes,  and  the  fossiliferous  grit  of  Kilbucho. 
Further  down  the  stream,  the  rocks  are  buried  underneath  boulder 
clay,  but  soon  the  radiolarian  cherts  reappear  repeat-ed  in  folds. 
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They  are  followed  at  th»  bend  totvarde  the  east  by  an  ontcrop  of  the 
Glenkiln  black  shales  charged  with  IXeranograptuB  zia-zac  and  other 
associated  fomiB.  On  the  hill  slope  towards  the  Dimple,  occasional 
exposures  of  green  and  red  mudatonea  are  sncceeaed  by  a  fine 
ontcrop  of  the  ''Haggis  Book"  on  the  top  of  the  Snaip  Hill 
(Fig.  64). 


Fm.  54. —Section  Id  Gair  Oill,  Colter  Water,  Lanarkshire. 
IB.  Arenig  Uvas.     C.  Radiolarian  chert.    2>-  Glenkiln  Shales.     H.  "Horarifl 
Rock."  ^ 

Nisbet  Bnrn. — On  the  east  side  of  the  Colter  Water, 
important  evidence  is  obtained  to  show  the  relation  of  the  pro- 
longation of  the  foasiltferons  grit  of  Kilbncho  to  the  radioliuian 
ch^te  and  volcanic  rocks.  In  the  Nisbet  Bum,  which  joins  the 
Colter  Water  at  Snaip,  and  also  in  one  of  its  branches,  the  Peat 
Bum,  that  runs  northwards  from  Tippet  Knowe,  the  lowest  visible 
rocks  belong  to  the  volcanic  zone.  They  appear  near  the  foot  of 
the  Peat  Earn,  and  consist  of  diabase-lava,  with  an  outci-op  twenty 
yards  in  breadth.  There  they  are  followed  by  the  radiolarian  cherts 
and  by  the  Glenkiln  band  of  black  shales,  visible  alonfr  the  line 
of  strike  in  the  Xisbet  Bum,  where  they  have  yielded  traces  of 
gr^itolites. 

The  radiolarian  chert«  come  to  the  surface  ^in  two  successive 
anticlines,  showing  the  red  and  green  zones  associated  with  mud- 
stoaee,  one  below  the  junction  of  Peat  Bum  and  the  other  at  the 
foot  of  Hazel  Qill — a  rivulet  that  joins  Nisbet  Bum  from  the  east, 
about  half  a  mile  south  of  Nisbet  Farmhouse.  About  two  hundred 
yards  to  the  north  of  Hazel  Gill  the  Glenkiln  black  shales  are  seen 
in  the  stream,  and  still  further  north  the  fossiliferons  grit  of 
Eilbncho  appears  on  the  east  bank,  about  four  hundred  yards  to 
the  south  of  Nisbet  Farmhouse.  Here  the  grit  has  yielded  the 
following  among  other  ^agments  of  fossils :  LepUsna  ienuidncta, 
Orlhit  sp,,  and  fragments  of  corals.  A  reference  to  the  one-inch 
map  (Sheet  24)  will  show  that  this  outcrop  in  the  Nisbet  Bum  is 
quite  in  the  line  of  strike  of  the  Kilbucho  conglomerate  to  the  west 
of  Kilbucho  Bum.  In  the  Nisbet  Bum,  although  the  strata  are 
isoclinally  folded  and  dip  to  the  south-east  at  high  angles,  their 
order  of  succession  can  be  established  by  means  of  the  successive 
recognisable  zones. 
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The  section  exposed  in  the  banks  of  the  Cultei-  Water  below 
Soaip  and  in  the  adjoining  ridge  presents  one  peculiar  feature, 
viz. :  the  disappearance  of  the  black  shale  associated  with  the 
radiolarian  cherts  as  it  approaches  the  fault  that  bounds  the  Lower 
Old  R«d  Sandstone  at  Culter  (Fig.  55). 

U.^  *="*™^'«'  S.E. 


^       V         2k&  c 

Fio.  55.— Section  from  Soaip  to  Culter,  Culter  Water,  lAnarkahire. 
C.  Radiolarian  chert.     2  4  3.  Oreyvracke,  mudstone,  Ac.  (Llandeilo-Caradoc). 
H.   "Haggis  Rock."     CI.   Lower  Old  Red  Sandstone.      F.  Camptonite 
dykes.     fTFaulto. 

At  the  south-east  end  of  the  section,  the  Glenkiln  black  shales 
are  visible  at  the  foot  of  the  ridge,  on  the  east  bank  of  the  stream, 
beyond  the  edge  of  the  alluvium.  About  200  yards  to  the  soutli  of 
their  line  of  strike  they  reappear  on  another  fold,  at  the  road-side 
south  of  Snaip  Farmhouse,  where  they  are  charged  with  typical 
Glenkiln  fossils  similar  to  those  from  tJie  Gair  Gill  already  referred 
to.  To  the  north  of  the  black  shales  on  the  eaat  bank  of  the  Culter 
Water,  the  radioIariaiL  clLerts  succeed,  here  inverted,  and  ap- 
parently overlying  the  Glenkiln  black  shales.  They  are 
associated  with  ashy  mudstones,  which  may  possibly  indicate  a 
continuance  of  volcanic '  "activity  during  this  stage  in  the 
sequence  of  the  zone?.  Next  green  shales,  mudstones,  and 
greywackes  dip  steadily  towards  the  north-west.  On  the 
top  of  the  ridge  (East  Mains  Hill)  a  fine  exposure  of  the 
"Haggis  Rock"  presents  the  characteristic  features  of  the  bed 
as  exposed  on  the  cre^t  "f  Lamington  Hill.  It  may  be  described 
as  a  fine  conglomerate  with  a  grey^vacke  matrix,  in  which  occur 
abundant  fragments  of  radiolarian  chert  representing  all  the  zones 
of  that  sub-division  of  the  stratigraphical  series.  As  a  rule,  these 
materials  form  by  fai'  the  largest  part  of  the  ingredients.  Fiirther, 
fragments  of  volcanic  rocks  mny  be  observed  derived  from  the 
series  underlying  the  radiolarian  zone,  also  g^ey^vacke  and  mud- 
stone.  Rounded  grains  of  quartz  are  mimerons.  The  rock  has 
frequently  a  variegated  appearance  from  the  different  tints  of  the 
chert. 

A  careful  search  for  fossils  has  been  made  in  the  various 
exposures  of  the  "  Haggis  Bock,"  but  the  results  have  not  been 
very  satisfactory.  Fiagments  of  corals,  encrinitee,  brachiopods. 
&c.,  have  been  found,  hut  never  in  such  a  state  of  preservation  as 
to  permit  of  specific  identification. 
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An  important  development  of  soft  green  mudstones,  with  ribs 
and  bands  of  sandy  greywacke,  from  six  inches  to  a  foot  in  thick- 
ness, is  well  exposed  in  a  quarry  by  the  road-side  about  half  a  mile 
south  of  the  fault  that  bounds  the  Old  Eed  Sandstone.  The  strata 
are  there  inclined  to  the  north,  and  thrown  into  a  series  of  isoclinal 
folds.  There  can  be  no  doubt  that  they  underlie  the  "  Haggis 
Rock  "  on  the  crest  of  the  East  Mains  Hill.  The  "  Haggis  Kock  " 
reappears  on  the  hill  on  the  west  side  of  the  Gulter  Water,  but  is 
not  visible  in  the  stream,  which  exposes  the  underlying  green 
mudstones. 

The  radiolarian  cherts  are  exposed  on  two  anticlines  in  the  Culter 
Water— one  near  the  Old  Red  Sandstone  fault  and  the  other  about 
200  yards  to  the  south  of  that  boundary  line.  They  are  succeeded 
directly  by  the  green  mudstones  without  the  intervention  of  the 
black  shales,  and  dip  towards  the  south-east  (Fig.  55).  This 
section  is  not  quite  so  clear  as  some  of  those  already  described,  but 
there  can  be  little  doubt  that  the  cherts  exposed  on  the  Culter 
Water  near  the  bounding  fault  belong  to  the  horizon  above  the 
volcanic  rocks,  though  there  the  graptolite-bearing  shales  no  longer 
define  their  horizon.  The  green  mudstones  and  shales,  which  seem 
to  be  destitute  of  fossils,  occupy  a  similar  position  with  reference  to 
the  radiolarian  cherts  as  the  Tappins  group  in  the  valley  of  the 
Stinchar,  above  North  Balloch. 


Bigga/r  Water  District 

To  the  north-east  of  the  area  described  in  the  foregoing  para- 
graphs a  fine  development  of  the  volcanic  rocks  and  cherts,  passing 
upwards  into  the  fossiliferous  conglomerate  and  grit  of  Kilbucho, 
may  be  studied  in  the  region  of  the  Biggar  Water. 
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Fig.  56.— Section  from  Blindewing  to  Goseland  Hill,  Kilbucho  Bum, 

Peeblesshire. 

IB.  Arenig  volcanic  rocks.     C.  Radiolarian  chert.     2&3,  Greywackeand 

shale  (Llandeilo-Cturadoo). 

To  the  south-west  of  Broughton  three  well-marked  anticlines 
expose  the  Arenig  volcanic  rocks.  Of  these,  the  most  important 
are  those  in  the  valley  of  the  Kilbucho  Bum  at  Blindewing  and 
Oakbrae  (Fig.  56).  In  a  small  drain  about  100  yards  west  of 
Blindewing  Farmhouse,  the  diabase-lava  can  be  seen  in  a  much- 
altered   condition.      **The    felspar   occurs   in    turbid   lath-shaped 
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crystals,  penetrating  purplish-brown  augite.  A  large  portion  of 
the  augite  is  converted  into  chlorite  and  serpentinons  products. 
The  amygdules  are  filled  with  calcite  and  spherular  aggregates  of 
chlorite," 

In  a  quarry,  about  500  yards  to  the  south-west  of  Blindewing, 
the  igneous  material  has  rather  the  appearance  of  an  intrusive  rock. 
It  is  there  "an  ophitic  diabase  or  altered  dolerite,  composed  of 
turbid  plagioclase,  augite  partly  fresh  and  partly  altered,  with 
chlorite,  ilmenite,  and  leucoxene."  The  flinty  mudstones  are 
exposed  in  the  drain  near  Blindewing  Farmhouse  on  the  south  side 
of  the  diabase-lava ;  but  are  concealed  on  the  north  side  of  the  fold 
by  a  covering  of  drift. 

At  Oakbrae,  on  the  north  side  of  the  Kilbucho  Bum,  the  south 
slope  of  the  Goseland  Hill  supplies  another  exposure  of  the  diabase- 
lava  in  a  quarry  at  the  road-side  about  400  yards  south  of  Goseland 
Farmhouse.  Here  the  slaggy  character  of  the  rock  is  well  displayed. 
The  lava  is  bounded  on  both  sides  by  the  radiolarian  cherts.  On 
the  crest  of  the  anticline  at  a  distance  of  300  yards,  the  volcanic 
rocks  "  nose  out "  and  disappear  under  the  cherts,  but  they  come  to 
the  surface  again  about  700  yards  to  the  east,  in  the  form  of  lava 
of  a  more  acid  character,  displaying  a  ropy  surface  which  lias  not 
been  denuded.  Throughout  the  felsitic  matrix  are  scattered 
porphyritic  ci*ystals  of  plagioclase  felspar.  This  rock  is  traversed 
by  a  series  of  fissures  now  filled  with  chert — a  feature  which  seems 
to  point  to  the  conclusion  that  the  igneous  material  was  erupted 
contemporaneously  with  the  strata  among  which  it  lies. 

On  the  north  limb  of  the  arch  of  the  volcanic  zone  at  Oakbrae. 
the  radiolarian  cherts  are  repeated  by  numerous  folds,  till  within 
a  short  distance  of  Goseland  Farmhouse  the  Glenkiln  band  of 
black  shales  succeeds  to  them,  followed  in  turn  by  shales  and  grey- 
wackes.  On  the  south  limb  the  black  flinty  shales  also  occur  on 
the  south  side  of  the  cherts,  so  that  in  the  Kilbucho  area  the  normal 
succession  of  deposits  overlies  the  volcanic  zone. 

About  a  mile  further  to  the  west  the  Kilbucho  conglomerate  and 
associated  strata  lie  in  the  centre  of  a  series  of  folds,  with  the 
volcanic  rocks  and  cherts  underneath.     On  the  Manse  Big  the  pro- 


Hartrrr  ihlb 


H&rtr^f 

■ 

! 


l\C 


VniilrHllI 


n«eLDllrl. 


KilltiiriiuOtMn^ 

,-i 


s 


M*n«*Hig 


Fio.  57. — Generalised  Section  from  Manse  Rig,  Kilbucho,  to  Hartree  (near 

Biggar),  Peeblesshire. 

IB.  Arenig  volcanic  rooks.  C.  Radiolarian  chert.  21.  Glenkiln  Shales. 
2  &  3.  Greywacke  and  shale  (Llandeilo-Caradoc).  3a.  Fossiliferous 
conglomerate  (Caradoc).  F.  Camptonite  dykes.  PoCl*  Lower  Old 
Red  Sandstone  volcanic  rocks,    f .  Faults. 
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longation  of  the  fold  with  the  volcanic  rocks  at  Blindewing,  just 
described,  is  represented  in  the  radiolarian  cherts.  Not  far  to  the 
south  the  diabase-lavas  occur  on  another  fold. 

In  the  bum  above  the  old  manse  of  Kilbucho  the  rocks  are 
obscured  by  drift,  but  on  the  north  side  of  the  stream  the  fossiliferous 
conglomerate  of  Kilbucho  is  exposed  in  a  quarry  about  half  a  mile 
to  the  west  of  the  old  manse.  In  lithological  character  and  mode 
of  occurrence  it  resembles  the  fossiliferous  band  at  Wallace's  Cast, 
Wandel  Water.  It  has  a  greywacke  matrix,  grey  in  fresh  fracture, 
containing  large  shale  galls  or  shaly  lenticles  that  give  the  rock  a 
banded  appearance.  Further  it  passes  laterally  into  shales.  Lime- 
atone  nodules  occur  both  in  the  conglomerate  and  in  the  shales. 
Owing  to  the  decomposition  of  its  carbonates,  the  rock  weathers  a 
rusty  brown ;  the  limestone  nodules  decompose  and  crumble  away 
into  a  brown  earth.  Among  the  pebbles,  the  prominent  constituent 
is  white  vein-quartz  in  small  well-rounded  pieces ;  fragments  of 
radiolarian  chert  also  occur,  but  in  a  lesser  degree  than  in  the 
typical  "  Haggis  Rock,"  and  occasionally  the  Arenig  volcanic  rocks 
are  represented  by  minute  particles.  The  fossils  occur  here  in  the 
same  way  as  they  do  at  Wallace's  Cast  and  at  Duntercleuch,  Lead- 
hills.  A  comparison  of  the  accompanying  list  of  fossils  obtained 
from  the  quarry  at  Kilbucho  leaves  little  room  for  doubt  that  the 
assemblage  is  identical  with  that  from  Wallace's  Cast,  thus  proving 
the  Caradoc  age  of  the  beds  : 


»» 


^itiuZtfe«/atnM  (Salter.)  :    (M/^|>ro^etua(Sow.) 

G9t/ptocrtfM48  iKuaZis  (M*Ooy.)  |       „      ruskicai^yr,) 

Encrinite  stems. 

Sttncpora  (FwoosUes)  fhrosa  (Gold.) 

Pebraia  hina  (Lonsd.) 

„       unismalis  (M'Coy.) 
Linddrdmia  (Peiraia)  aubdupluxUa 

(M'Ooy.) 


>*  »>  »> 

'     var.  eren/ulata  (M,^Co J.) 

Ptilodictya  costeOata  (M'Ooy.) 

LepUzna  scisaa  (Salt.) 

sericea  (Sow.^ 

(Chridiania)  tefiuidncta 

(M'Ooy.) 

(PUctambonites)     transwr- 

acUis  (Wahl.) 

OrlhU  eriwa  (M*Coy:) 

„      eaUigrcmima  (Dalm.) 


unguis  (Sow.) 
Strophomena  kUbucnoenais  (Dav.) 

,,  (Leptcena)  rhomhoidcdis 

(WUck.) 
Modiolopsis  orhicula/ris  (Sow.) 
Ecculiomphahbs  sp. 
Mwrchiaonia  a/rigulata  (Sow.) 
PkUyachisma  helicUea  (Sow.) 
Pleurotomaria  (Raphistoma)  eUiptica 

(His.) 
,,  ,,        lenticularis 

(Sow.) 
Orthoceras  sp. 

Cheirurus  clavifrona  (Dalm.) 
Phcuiops  (difrona  (Salt. ) 

„         Brongniarti  (Portl.) 
Trinvdeus  sp.  (punctate  fringe.) 


The  fossiliferous  grits  and  shales  occupy  the  hill  to  the  north  of 
the  quarry,  but  the  radiolarian  zone  reappears  in  several  folds  on 
the  Hartree  Hills  (Pig.  57).  An  excellent  section  may  be  seen 
by  the  road-side  crossing  the  hill  in  a  north-west  direction  from 
Goseland  Farmhouse,  but  though  the  exposures  are  more  or  less 
continuous,  the  black  shales  have  not  been  detected  there.  The 
cherts  seem  to  pass  upwards  into  red  and  green  mudstones,  followed 
by  shales,  grits,  and  the  **  Haggis  Bock  "  conglomerate. 

In  the  area  east  of  Biggar  Water,  the  first  exposure  of  the 
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Tolcanic  zone  is  found  on  the  Pisgah  Hill,  about  two  and  a  half 
miles  west  of  Broughton  (Fig.  58).  In  the  centre  of  the  fold  the 
slaggy  diabase-lava  (1 B)  is  met  with,  overlain  on  the  Boath  side  by 
the  red  cherts  and  mudatones  (C).  In  a  field  to  the  west  of  a 
narrow  belt  of  wood,  from  an  isolated  exposure  of  black  shales  (2'), 
a  small  but  interesting  assemblage  of  fossils  has  been  obtained, 
viz. :  Diplogra/pixiB  foliaceus,  Climacograftus  bicomis,  Dieeltograptus 
moffatemw.  and  Siphonotreta  micula.    This  list  shows  that  even 


Fig.  68. — Section,  Pi^cah  Hill,  Bigg&r  Water,  Peeblesshire. 
(Length,  half  a  mile.) 


here  certain  forms  common  both  to  the  Glenkiln  and  Hartfell 
divisions  occur  together.  And  yet  the  strike  of  this  fold  on  Pisgah 
Hill  seems  to  lie  rather  to  the  north  of  the  strike  of  the  anticlines 
in  the  Cult«r  Water  north  of  Snaip,  near  the  fault  bounding  the 
Old  Red  Sandstone,  where  the  black  shales  seem  to  have  disappeared. 
Further  evidence  of  this  spasmodic  occurrence  of  the  Glenkiln 
black  shales  to  the  north-east  of  Pisgah  Hill  will  be  adduced. 

On  the  north  side  of  the  volcanic  rocks  a  fault  bringing  down 
the  overlying  pebbly  grits,  resembling  the  fine-grained  "Haggis 
Bock,"  probably  occurs.  There  is  no  evidence  on  that  limb  of  the 
fold  of  the  existence  of  the  cherts  and  mudstones.  It  must  be 
remembered  that  the  rock  exposures  on  this  hill  are  not  continuous, 
and  that  the  diagram  has  been  constructed  from  isolated  exposures. 

A  remarkable  series  of  outcrops  of  the  radiolarian  zone  occurs  on 
the  ridge  that  extends  ft-om  Broughton  N.N.W.  to  Broughton 
Knowe — a  distance  of  about  two  miles— which  shows  the  extra- 
ordinary reduplication  of  the  strata  by  means  of  isoclinal  folds 
(Fig.  59).  The  dip  is  towards  the  south-east,  as  if  there  were'  an 
ascending  series  in  that  direction  ;  but  by  means  of  the  different 
strati  graphical  zones  it  is  possible  to  prove  that  the  actual  thickness 
of  strata  represented  in  this  section  cannot  exceed  a  few  hundred 
feet. 

There  are  here  twelve  anticlines  which  bring  up  either  the  radio- 
larian cherts  as  the  lowest  zone  or  sometimes  even  the  underlying 
volcanic  rocks.  Of  these  folds,  the  two  most  important  occur  at 
Broughton  Knowe,  where,  within  half  a  mile  of  the  fault  bounding 
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the  Old  Red  Sandstone,  they  expose  the  volcanic  rocks  in  the  core 
of  the  arch.  In  the  most  northerly  fold  the  igneous  materials, 
consisting  mainly  of  amygdaloidal  diabase-lavas,  can  be  traced  for 
a  mile  and  a  half  along  the  strike.  About  200  yards  north-east  of 
the  farmhouse  of  Broughton  Knowe,  at  the  road-side,  coarse  volcanic 
agglomerates  occur.  To  these  volcanic  ejectamenta  succeed  the 
cherts,  with  red  and  green  mudstones.  Bound  Skirling  Graigs, 
however,  the  mudstones  seem  to  have  in  great  measure  replaced  the 
cherts.  About  100  yards  to  the  north-east  of  the  farmhouse  of 
Broughton  Kjiowe  debris  of  black  shales  is  visible  on  the  surface. 
The  volcanic  rocks  reappear  on  a  second  fold  about  150  yards  to 
the  south  of  the  main  arch  at  Broughton  Knowe. 

For  nearly  a  mile  along  the  top  of  the  ridge  from  Broughton 
Knowe  to  a  point  about  three-quarters  of  a  mile  from  Broughton 
village,  there  is  a  constant  repetition  of  the  cherts  and  mud- 
stones, with  dark  flinty  and  grey  sandy  shales.  At  the  edge  of 
the  Drove  Road,  about  a  mile  W.N.W.  of  Broughton,  the  black 
shales  have  yielded  Grypiograptiis  tricomis,  Dicrmiograptus  ratiiosus^ 
Glimacogra/ptuSy  and  DtceUogr aphis.  To  the  north,  the  radiolarian 
cherts  and  black  shales  pass  underneath  grey  sandy  shales  and 
greywackes  containing  DiplograptusfoUucevs.  A  similar  occurrence 
has  been  noted  in  the  case  of  the  grey  sandy  shales  in  Hawkwood 
Burn,  opposite  Bimock,  which  overlie  the  outcpop  of  Glenkiln 
black  shales  (p.  219).  The  remaining  portion  of  the  section  near 
Broughton  is  constructed  from  evidence  seen  partly  in  the  Drove 
Road,  in  quarries,  and  in  the  stream  near  the  village. 

In  the  area  that  borders  the  Old  Red  Sandstone  between  the 
Broughton  and  Tarth  Bums,  similar  evidence  is  obtained  of  the 
remarkable  reduplication  of  the  strata.  Throughout  this  tract 
(shown  in  section  in  Fig.  60),  the  strata  have  a  persistent  dip 
to  the  south-east  at  high  angles.  Near  the  fault  bounding  the 
Old  Red  Sandstone,  the  diabase-lavas  are  exposed  on  several 
sharp  anticlines,  followed  by  the  cherts  and  mudstones,  without 
the  interealation  of  any  black  shales  above  the  cherts.  Indeed, 
the  black  shales  have  not  been  detected  in  the  various  folds  near 
the  Old  Red  Sandstone  rocks  between  Broughton  Bum  and  Tarth 
Water.  At  one  locality,  about  a  third  of  a  mile  S.S.W.  of  Old 
Harestanes,  fragments  of  chert  occur  in  a  matrix  resembling  mud- 
stone,  in  association  with  the  volcanic  rocks.  About  three-quarters 
of  a  mile  S.S.E.  of  Old  Harestanes,  from  an  isolated  exposure  of 
black  shales,  Diphgraptiis  has  been  collected. 

On  the  Lochurd  Hill,  Wether  Law,  and  Pyked  Stane  Hill,  north 
of  Broughton  Heights,  black  shales  accompany  the  cherts.  At  one 
locality  a  graptolite  was  obtained  which  resembled  Climacograptus 
coelakis  (Lapw.).  Though  the  volcanic  rocks  are  not  here  visible 
in  the  line  of  section,  the  diabase-4avas  occur  in  mass  on  the  col 
north  of  Flint  Hill,  about  a  mile  to  the  east,  as  will  be  presently 
shown.  Towards  the  south,  the  Arenig  rocks  and  black  shales 
pass  underneath  greywackes  and  shales. 
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District  stretching  from  the  Basitis  of  the  Tarth  and  Lyne  Waters  to 

the  Midlothian  CoaJrfield. 

Flint  Hill  to  Woolshears  Hill,  Castlecraig. — 
A  section  roughly  parallel  with  that  just  described  extends  from 
the  Flint  Hill  (over  1500  feet)  northwards  to  the  Woolshears  Hill 
(1317  feet),  south  of  Castlecraig  policies,  and  overlooking  the  valley 
of  the  Tarth  Water.  Along  this  ridge  for  a  distance  of  about  a 
mile,  similar  evidence  is  obtained  of  the  constant  repetition  by 
isoclinal  folds  of  the  Arenig  radiolarian  cherts,  black  shales,  and 
other  sediments,  with  a  prevailing  dip  to  the  S.S.E.  The  cherts 
are  visible  on  eleven  separate  folds,  the  best  exposure  being  on  the 
north  and  north-west  face  of  the  Brown  Dod  (1795  feet),  about  a 
quarter  of  a  mile  north  of  Flint  Hill,  where  crags  are  formed  by  the 
cherts  which  dip  S.S.E.  at  70°.  On  the  upper  surfaces  of  these 
cherts  the  mammilated  character  of  some  of  the  bands  is  very 
conspicuous.  The  grey  cherts  are  in  excellent  preservation,  and  in 
some  cases  are  stained  so  as  to  be  suitable  for  microscopic  examina- 
tion of  the  contained  radiolaria.  They  are  also  traversed  by  quartz 
veins. 

An  impoi-tant  feature  in  this  section  is  a  fine  exposure  of 
Arenig  lava  in  the  Ramsgill  Crag  on  the  col  between  the  Flint 
Hill  and  the  Brown  Dod.  Here  a  prominent  crag,  about  50  yards 
long  and  20  feet  high,  shows  the  characteristic  pillowy  structure  so 
typical  of  the  lavas  of  Ballantrae.  The  rock  is  remarkably  fresh, 
vesicular  in  places,  and  resembles  the  fine-grained  diabase  type. 
Tliis  oval-shaped  mass  of  lava  is  bounded  by  bright  green  turf,  and 
its  relations  to  the  surrounding  rocks  are  not  visible.  But  within 
a  few  yards  from  it  the  cherts  appear  to  the  south-west  and  north- 
west. A  short  distance  from  its  south-western  termination  a  very 
small  exposure  of  black  shales  occurs  on  both  sides  of  the  cherts, 
yielding  IHcranograptiis  minimus,  T}iplograptus  foliacexiSy  Crypto- 
ijraptus  tricomiSy  and  Glima4X)graptus.  These  strata  are  followed  on 
each  side  by  grits  and  shales. 

Tarth  Water. — Advancing  now  further  to  the  north-east 
we  find  in  the  ai-ea  that  borders  the  bounding  fault  between 
the  Tarth  and  Lyne  Waters  evidence  of  the  local  occrn'rence  of 
a  thin  seam  of  black  shale  between  the  volcanic  rocks  and 
radiolarian  cherts.  The  igneous  materials,  consisting  of  amygdar 
loidal  diabase-lavas,  are  visible  on  two  anticlines  in  this  district. 
The  more  southerly  exposure  of  the  volcanic  zone  is  traceable  for 
nearly  a  mile  from  the  alluvium  at  Scotston  to  near  Callands 
Heaa.  Between  Scoiston  and  the  alluvial  flat  of  the  Lyne  the 
breadth  of  the  arch  of  volcanic  rocks  is  about  200  yards,  but  at 
Scotston  House  it  naiTOws  to  less*  than  a  third  of  this  extent.  A 
few  yards  to  the  south  of  Scotston  House  the  diabase-lava  is 
succeeded  northwaixis  by  the  radiolarian  cherts  and  red  and  green 
mudstones ;  but  the  strata  are  inverted  and  dip  towards  the  south- 
east. The  mudstones  are  followed  northwards  by  grits  and  shales 
exposed  to  the  east  of  Scotston  House.     About  a  quarter  of  a  mile 
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to  the  east  of  Scotston  House  the  diabase  comes  to  the  surface  along 
two  isoclinal  folds,  succeeded  by  the  cherts  with  red  and  green 
mudstones.  About  half  a  mile  north-east  of  Scotston,  pebbly  grey- 
wackes,  with  red  and  green  mudstones,  probably  represent  the 
horizon  of  the  "  Haggis  Rock."  In  the  area  between  the  Tarth 
and  Lyne  Waters,  the  red  and  green  mudstones  are  remarkably 
developed,  and  show  intermediate  stages  towards  the  pure  radio- 
larian  chert.  No  black  shales  have  here  been  observed  overlying 
the  cherts. 

Tract  between  the  Lyne  Water  and  Lamancha. — 
From  the  Lyne  Water  north-eastwards  to  Biddenlees,  south  of 
Lamancha  Station,  a  distance  of  four  miles — ^within  a  belt  of 
ground  about  a  mile  in  breadth,  bordering  the  Old  Ued  Sand- 
stone and  Carboniferous  strata — ^the  Arenig  volcanic  zone  comes 
to  the  surface  along  numerous  anticlines.  Loi  most  cases  the 
volcanic  rocks  are  traceable  for  no  great  distance— sometimes 
only  for  a  quarter  of  a  mile,  sometimes  for  a  mile.  In  some  of 
these  exposures  the  slaggy  character  of  the  diabase-lava  is 
remarkably  apparent.  For  example,  in  a  quarry  on  the 
south-east  side  of  the  road  from  Noblehouse  to  Grassfield,  and 
about  three-quarters  of  a  mile  from  the  former  locality,  there  is 
an  excellent  exposure  of  the  lava.  Here  the  rock  is  very  amygda- 
loidal,  and  the  vesicles  are  filled  with  calcite,  which  decom- 
poses on  weathered  surfaces.  So  abundant  are  these  amygdules 
that  the  rock  resembles  a  lava  of  younger  Palaeozoic  age.  In  all 
the  exposures  where  a  sequence  is  visible,  the  diabase-lavas  are 
invariably  associated  with  radiolarian  cherts  and  mudstones  passing 
upwards  into  red  and  green  mudstones,  shales,  and  greywackes, 
while  in  several  exposures  the  black  shales  are  visible,  charged  with 
typical  Glenkiln  forms.  In  this  belt  of  ground  also,  as  in  the 
region  bordering  the  Old  Red  Sandstone  fault  already  described, 
the  strata  have  a  persistent  dip  to  the  south-east,  and  hence  the 
folds  are  isoclinal. 

The  accompanying  section  (Fig.  61)  shows  the  relations  of 
the  strata  in  the  tract  bordering  the  Midlothian  coal-field,  about  a 
mile  south  of  Lamancha.  It  is  drawn  from  a  point  near  White- 
muir  in  the  Carboniferous]|^area,*[south-eastwards^in  the  direction 

MNW  firMi|irc  flill  S^j^ 


Fig.  61. — Section  near  Kiddenlees,  one  mile  south  of  Lamancha  House, 

Peeblesshire.     (Length,  one  mile.) 

IB.  Arenig  volcanic  rocks.  C.  Radiolaiian  cherts.  21.  Glenkiln  Shales. 
2.  Mudstone,  shale,  and  conglomerate  (Llandeilo).  Cl<  Lower  Old  Red 
Sandstone,     f.  Fault. 
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of  Qrassfield.  Beginning  at  the  great  fault  and  advancinff  south- 
eastwards,  the  sequence  of  strata  is  visible  in  a  small  burn 
flowing  towards  Whitemuir  Farmhouse.  Near  the  faidt  green 
"^hales  and  mudstones  are  met  with,  followed  by  a  pebbly  con- 
glomerate representing  the  *' Haggis  Rock,"  which  here  pro- 
bably occupies  a  synclinal  fold.  Southwards  the  shales  and 
mudstones  reappear,  succeeded  by  the  i*adiolarian  cherts  and 
mudstones  underlain  by  a  small  exposure  of  diabase-lava. 

About  400  yards  from  the  fault,  a  second  fold  reveals  the 
volcanic  rocks,  which  are  traceable  along  the  strike  for  nearly  a 
mile.  On  the  south  side  of  this  arch  the  red  mudstones  and  cherts 
follow  in  natural  order,  succeeded  by  the  grey  mudstones,  when  a 
gap  occurs  in  the  section,  no  rocks  being  visible  until,  a  short 
distance  to  the  east,  the  volcanic  rocks  appear  on  a  third  fold,  which 
is  of  special  interest  from  the  occurrence  of  a  black  shale  band  with 
Glenkiln  graptolites,  seen  in  a  small  bum  about  400  yards  S.S.W. 
of  Riddenlees,  and  about  700  yards  north  of  Grassfield.  Here  the 
lava  exposed  on  the  north  side  of  the  bum  is  overlain  by  the  cherts 
and  mudstones. 

On  the  same  side  of  the  stream  a  thin  seam  of  blue-black  shale, 
ten  to  twelve  feet  thick,  occurs  apparently  in  the  middle  of  the 
cherts,  and  probably  in  a  synclinal  fold.  From  this  seam  the 
following  interesting  assemblage  of  fossils  has  been  collected  : 

Didymograptus  superstes  (Lapw. )  Diplograjdus  perexcavatus  (Lapw. ) 

Ccenograptus  graeUis  (Hall.)  Qiyptograptus  tricomis  (Carr.^ 

, ,           pertenuis  (Lapw. )  Cliinacographis  Schd renhergi  (Lapw . ) 

„           aurciUaris  (H.nML.)  Dicdlogi^aptus  patxdoaus  (Lww.) 

Ditranograptus  minimus  (Lapw.^  ,,            sextans  (HallJ 

,,             /ormo«i^  (Hopk.)  ,,            ciiiwncaii«(Hall.) 

„             ramotfus  (Hall.)  ;    Acrothele  gmnulata  (Linnr.) 

Diplograptus  euglifphus  (Lapw.)  >    Brachiopod. 


^T 


foUaceus  (Murch.) 


An  analysis  of  this  list  shows  that  while  it  contains  certain  forms 
that  are  confined  exclusively  to  the  Glenkiln  division,  it  includes 
also  some  which  pass  upwards  into  the  base  of  the  Lower  Hartfell 
black  shales. 

Further  east  another  interesting  exposure  of  the  diabase-lava  may 
he  seen  in  the  bum  near  the  Riddenlees  Farmhouse.  On  the  north 
side  of  the  house,  by  the  side  of  the  road  leading  back  to  the  bum, 
the  black  shales  are  visible  in  a  shattered  condition,  and  apparently 
in  contact  with  the  lava.  Here  they  are  probably  faulted  against 
the  volcanic  rocks. 

From  the  evidence  now  adduced,  it  is  manifest  that  along  the 
belt  of  ground  extending  from  Abington  by  Culter  Water  and 
Broughton  to  where  the  Silurian  rocks  come  against  the  Carboni- 
ferous formations  of  the  Midlothian  basin,  the  Arenig  volcanic 
rocks,  radiolarian  cherts,  Glenkiln  black  shales,  and  overlying 
sediments  are  admirably  developed  and  have  been  laid  open  on 
numerous  anticlines,  which  are  almost  always  inverted.  By  means 
of  the  zonal  method  of  interpreting  the  sections,  the  extraordinary 
reduplication  of  the  strata  is  well  shown. 
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There  is  one  feature,  however,  to  which  special  attention  must  be 
directed,  viz.,  that  the  axes  of  the  various  folds  of  the  Silurian  strata 
between  the  Broughton  Bum  and  Leadbum,  east  of  Lamancha,  are 
more  easterly  than  the  course  of  the  great  fault  that  brings  the 
Carboniferous  and  Old  Bed  Sandstone  strata  into  conjunction 
with  the  Silurian  rocks.  Hence  it  follows  that  the  Silurian 
anticlines  are  truncated  in  succession  by  the  great  fault,  so  that 
as  we  advance  towards  the  north-east  we  pass  fold  after  fold  of 
the  volcanic  series,  each  in  turn  being  furtner  removed  from  the 
Central  Moffat  region. 

Having  described  the  various  folds  of  Arenig  lavas  and  cherts 
traceable  along  the  margin  of  the  tableland  from  the  Lyne 
Water  to  Leadbum,  we  will  now  proceed  to  indicate  the  occur- 
rence of  these  rocks  with  the  black  shales  further  south  along  a 
parallel  belt  of  ground,  three  miles  in  width,  between  the  Lyne 
Water  and  Eddleston  Station. 

Fingland  Bur  n. — The  i'lemington  Burn,  which  joins  the 
Lvne  Water  from  the  east  about  two  miles  to  the  south  of 
Bomanno  Bridge,  receives  a  tributary  named  the  Fingland  Bum, 
that  drains  part  of  the  hilly  ground  north  of  the  Oloich  Hills. 
About  a  mile  ami  a  half  up  the  i^'iugland  Bum  a  small  outcrop  of 
flinty  black  shales  appears,  from  which  the  following  characteristic 
assemblage  of  Glenkiln  graptolites  has  been  collected : 


Didymog^rapUis  superstes  (Lapw.) 
,,  serratvlus  (Hall.) 

Climacograptus  codatus  var.  anttquxis 

(Lapw.) 
,,  Scharenbevgi  (Lapw.) 

,,  sp. 

DipUnfraptu^  ewjhjphns  (Lapw.) 


Diplograptus  fcliaceus  (Murch.) 

,,  |>er€accoi>a<its(Lapw.) 

Crxjptograptus  tricomis  (Carr.) 
Dicranograptus  ramoims  (Hall.) 
DiceUoffraptus  sextans  (Hall.) 
Ccenograptus  gracilis  (Hall.) 


Towards  the  W.S.W.  the  debris  of  this  band  can  be  traced 
in  drains  for  a  quarter  of  a  mile,  while  towards  the  E.N.E.  the 
strata  are  buried  under  boulder  clay  for  a  short  distance,  till  on 
the  col  at  the  head  of  the  bum  the  black  shales  reappear,  but  in 
so  crushed  a  condition  that  no  fossils  have  been  obtained  from 
them.  In  the  Flemington  Bum  the  black  shales  are  succeeded 
on  both  sides  by  olive-green  mudstones  and  thin  greywacke 
bands,  re,sembling  the  beds  on  the  Tappins  Hill  in  the  valley  of 
the  Stinchar,  Ayrshire.  About  200  yards  to  the  north  of  this 
black  shale  band  the  radiolarian  cher^  are  met  with  in  quarries, 
much  in  the  same  line  of  strike  as  the  ai*ches  of  Arenig  lavas 
south  of  Bomanno  Mains,  previously  described.  About  half  a 
mile  to  the  south  of  the  same  band,  two  folds  of  radiolarian 
cherts  and  black  shales  are  visible  in  the  Fingland  Bum  at  a 
short  distance  from  each  other.  The  sti-ata  in  the  northern  arch 
are  much  shattered,  black  flinty  shales  being  associated  with  tho 
cherts.  They  can  be  traced  towards  the  north-east  for  a  distance 
of  a  mile  and  a  half,  as  far  as  the  slopes  of  the  Wether  Law, 
where,  owing  to  the  pitch  of  the  folds,  they  disappear  under 
greywackes  and  shales.     The  southern  ai'ch  reveals  the  cherts 


The  Northern  Belt — Areniffy  Lla/ideilo,  Caradoc  Bodes.       251 

without  the  black  shales,   the  strata  visible  between  the  two 
arches  being  composed  of  exits  and  green  shales. 

On  the  west  side  of  the  Fingland  valley,  the  cherts  and  black 
shales  are  exposed  in  three  arches  on  Drum  Maw  Hill,  in  the 
strike  of  the  folds  just  referred  to.  Half  a  mile  to  the  south- 
west of  Drum  Maw  Hill,  the  black  shale  reappears  in  a  small 
exposure,  and  has  furnished  the  following  fossus : 

Diplograptu^  euglyphua  (Lapw.^  DiceUogrcbptus  moffateiids  (Carr.) 

„  foliacetis  (Murch.) 

(Ximacograptus  Schdrenbergi  (lipw.) 

,,  bieomis  (HaU.) 

Oryptoffraptus  tricomia  (Carr.) 
DiceUograptu4t  Farchhammeri  (Gein.) 


sextans  (Hall.) 
patulosus  var.  B. 

(Lapw.) 
Siphonotreta  micxda  (M*Coy.) 


»» 
>> 


In  connection  with  this  series  of  compound  folds  of 
the  radiolarian  cherts  and  black  shales,  reference  may  be 
made  to  the  occuri'ence  of  a  band  of  coarse  grit  on  the  slope 
half  a  mile  S.S.W.  of  Wether  Law,  above  the  cultivated  ground 
at  Fingland.     It  resembles  a  coarse  "  Haggis  Rock  "  or  pebbly 

J^rit,  and  contains,  in  addition  to  the  usual  fragments  of  radio- 
arian  chei't  and  volcanic  rocks,  numerous  nodules  of  blue  lime- 
stone, varying  in  size  from  mere  grains  to  masses  two  feet  in 
diameter  and  resembling  the  conglomei-ates  of  Duntercleuch, 
Kilbucho,  and  Wrae. 

Eddleston  and  Drochil  Castle. — ^About  a  mile  to 
the  south  of  the  folds  of  the  Moffat  series  described  in  the  fore- 
going paragraphs,  several  compound  arches  of  radiolarian  cherts 
and  black  shales  can  be  followed  at  intervals  from  Eddleston 
south-westwards  to  Drochil  Castle  on  the  Lyne  Water.  Some  of 
these  exposures  of  black  shales  yield  a  definite  assemblage  of 
Haiifell  fossils.  For  example,  in  the  glen  at  Dam  Hall,  less 
than  half  a  mile  west  of  Eddleston  Station,  on  the  Peebles 
branch  of  the  North  British  Railway,  blue-black  strains  appear 
in  grey  shales,  which,  from  the  following  assemblage  of  organic 
remains,  evidently  represent  part  of  the  lower  Hai-tfell  black 
shales: 

Diplogixtptu4t  foliaceus  (Murch.)  Dicranoffraptu^  ininoisus  (Hall.) 

Climacograptus  ca\uiatu8  (Lapw.)  i    Acrotreia  NichoLsmii  (Dav.) 


bieomis  (Hall.) 
Lfisiog^raptus  inargaritatus  (Lapw.) 
DiceUograptus  Forchhamineri  (Gein.) 


Siphonotretn  micula  (M*Coy.) 
Acrothele  or  Obolella. 


These  shales  are  interbedded  with  greywackes  and  shales, 
the  whole  series  dipping  towards  the  south-eavst. 

Advancing  westwards,  about  a  mile  and  a  half  west  of 
Eddleston  and  to  the  north  of  the  forking  of  the  Fairydeaii 
Bum,  the  observer  finds  an  exposure  of  radiolarian  cherts,  which 
he  can  also  follow  along  the  northern  slope  and  on  the  crest 
of  Kilrubie  Hill,  on  several  anticlines  separated  by  greywackes. 
On  the  north-east  side  of  the  same  hill,  black  shales  are  asso- 
ciated with  the  cherts.     By  means  of  debris  and  rock  exposures 
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one  of  these  folds  of  Areiiig  cherts  can  be  traced  south-west- 
wards along  the  ridge  from  KUrubie  Hill  to  the  head  of 
Harehope  Bum  and  Crailzie  Hill.  Still  further  to  the  west,  on 
Wide  Hope  Shank  Hill,  about  half  a  mile  south-west  of  Crailzie 
Hill,  a  series  of  compound  folds  of  the  cherts  sometimes 
reveals  the  black  shales.  One  fold  on  the  northern  slope  lies 
close  to  the  outcrop  of  a  band  of  "  Haggis  Eock  "  or  pebbly  grit ; 
another  fold  on  the  southern  declivity  displays  pillowy  diabase^ 
lava  which,  along  the  north  margin  of  the  exposure,  appears 
to  be  faulted  against  greywackes.  On  the  further  side  of  a  small 
stream  half  a  mile  north-east  of  Stevenson  Hill  the  diabase- 
lava  may  be  seen  in  association  with  radiolarian  chert  on  the 
north  side  of  the  arch.  Here  there  is  a  considerable  exposure  of 
decomposing  vesicular  igneous  rock,  and  its  outcrop  westwards 
can  be  traced  on  the  White  Rig  by  the  brighter  green  of  the 
vegetation,  indicating  the  more  fertile  soil  to  which  this  decom- 
position gives  rise. 

The  radiolarian  cherts  that  appear  on  the  sepai*ate  folds  just 
described  seem  to  coalesce  so  as  to  form  a  broad  compound 
anticline  on  the  crest  of  the  hill,  a  mile  E.N.E.  of  Drochil  Castle ; 
indeed,  the  debris  of  chert  is  conspicuous  on  the  coomb-like 
hollow  at  the  head  of  the  valley  formed  by  the  bum  east  of 
Stevenson  Hill.  This  zone  is  hidden  under  the  drift  which  tills 
that  valley,  but  reappears  on  the  southern  slope  of  the  Wood 
Hill,  above  the  Lyne  Water.  On  this  hill,  about  100  yards  to 
the  north  of  its  summit,  an  outcrop  of  decomposing  basic  lava 
occurs  among  debris  of  cherts  and  black  shales,  the  radiolarian 
cherts  being  traceable  wcvstwards  to  the  level  of  the  900-feet 
contour  line  and  for  some  distance  eastwards ;  while  a  second 
exposure  of  the  diabase-lava  in  the  hollow  between  Wood  Hill 
and  Wide  Hope  Shank  Hill  lies  rather  to  the  south  of  the  strike 
of  the  fold  just  alluded  to.  Again,  on  the  north  slope  of  the 
wood,  at  the  upper  limit  of  the  cultivated  ground,  another 
exposui*e  of  the  volcanic  rocks  is  indicated  by  their  abimdant 
debris,  together  with  fragments  of  cherts  and  black  shales. 

On  the  Drochil  Hills,  forming  the  ridge  between  the  Tarth 
and  Lyne  Waters,  no  fewer  than  eight  anticlines  may  be  observed 
within  a  distance  of  half  a  mile  across  the  strike,  some  display- 
ing black  shales  only,  others  black  shales  and  radiolarian  cherts, 
while  a  fourth  fold,  a  few  yards  to  the  west  of  the  crest  of  the 
ridge,  reveals  the  slaggy  pillowy  lava. 

Eddleston  Water,  ]North  of  Eddleston. — In  the  district 
of  Eddleston  Water,  north  of  Eddleston  Station,  a  few  sections 
show  the  radiolarian  cherts  and  black  shales,  one  of  which 
(Cowie's  Linn  Burn)  is  importcmt,  as  it  furnishes  a  characteristic 
assemblage  of  Qlenkiln  graptolites  in  sandy  black  shales  streaked 
with  grey  shales. 

Cowie's  Linn  Burn. — ^This  stream,  which  unites  with 
the  Eddleston  Water  about  2\  miles  north  of  Eddleston  Station, 
traverses  the  cherts,  black  shales  with  Qlenkiln  fossils,  and 
overlying  sediments.    About  a  quarter  of  a  mile  up  stream  from 
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the  railway  bridge,  greywackes  and  shales  appear,  in  a  crushed 
condition  and  dipping  in  difierent  directions.  At  a  prominent 
bend  in  the  bum,  a  few  hundred  yards  further  up, 
several  exposures  of  crushed  sandy  black  shales  streaked  with 
CTey  shales  appear,  probably  on  the  crests  of  several  anticlines. 
On  the  north  bank  a  small  part  of  these  shales,  not  Quite  so 
much  shattered  as  the  remaining  portions,  has  yielaed  the 
following  assemblage  of  Qlenkiln  graptolites: 

LasiograpUM  himucronatut  (Nich.)  Cotnograptus  gracilis  (Hall.) 
Cflimacograpt^ts  bieomis  (HaM.)  ,,  pertenuis  (Jmw,) 

codatua  var.  antiquum   ,   DicranograpPus  ramosus  (Hall.) 

iLapw.^  ,,  fomiosus  (Hopk.) 

Lapw.)  Dicdlogixiptus  sextans  (Hall.) 

DiplograpiMs  fcliaceus  (Murch.)  Cryptograptus  tricomis  (Carr.) 
„            euglyphus(LApw.) 

A  small  arch  of  radiolarian  cherts  a  few  feet  in  length  may 
here  be  traced  across  the  stream.  Near  these  cherts,  and  in  the 
bed  of  the  bum,  the  following  graptolites  were  collected  from 
black  sandy  micaceous  shales  with  grey  shales : 

Didymograptus  superstes  (Lapw. )  ,   Lasiograptus  bimucronatus  (Nich.) 


1" 


»» 


Goenograptus  pertetwis  (Lapw.) 
Climacograpt'us  ccsUxttis  var.  antiquus 

(Lapw.) 


Cryptograptus  tricomis  (Carr.) 
Dicranograptus  ramarus  (Hall.) 


In  the  high  scar  on  the  north  bank,  just  above  where  some 
shattered  black  shales  are  pierced  by  intrusive  igneous  material^ 
a  seam  of  black  shales  contains  Climacograptus  and  Dicdlo- 
ffraptus.  On  the  opposite  bank,  in  the  cliff  bounding  the  south 
side  of  the  gorge  above  the  prominent  bend,  the  radiolarian  cherts 
appear  in  force  and  form  the  greater  part  of  the  precipice. 
Further  up,  greywackes  and  shales  are  met  with  which  are 
thrown  into  a  series  of  anticlines  and  synclines,  well  seen  at 
Cowie's  Linn.  To  the  north  of  the  Linn,  grey  shales,  visible 
on  the  banks,  at  the  edge  of  the  alluvium  of  the  bum,  lithologi- 
cally  resemble  the  Upper  Silurian  green  and  grey  shaly  mud- 
stones  of  the  Pentlands,  Lesmahagow,  and  Kirkcudbright,  and 
vet  from  certain  rusty-weathering  bands  characteristic  Glen- 
kiln  forms  were  obtained,  viz. :  Didymograptus  superstes,  IHplo- 
grapius  euglyphuSy  D.  foliacevSy  and  Climacograptxis  hicomis.  It 
appears,  therefore,  that  the  horizon  of  the  Glenkiln  shales  is  here 
represented  by  ordinary  sediment. 

For tm ore. — About  a  mile  and  a  half  north  of  Eddleston 
Station,  at  the  Gala  Bank,  the  radiolarian  cherts  are  displayed 
in  perhaps  the  finest  exposure  in  the  north-west  part  of  Sheet 
24  of  the  Survey  Map.  About  250  yards  east  of  the  Edinburgh 
and  Feebles  Boad,  in  a  field  north  of  the  policies  surrounding 
Portmore  House,  the  cherts  appear  at  intervals  for  a  distance 
of  200  yards  across  the  strike.  They  display  the  red,  grey,  and 
green  nodular  varieties,  with  radiolaria  in  abundance.  They 
are  best  seen  on  the  south  side  of  a  small  gully,  where  they  form 
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a  rocky  cliff,  being  brought  into  conjunction  wiib  the  grey 
shales  on  the  north  side  by  a  fault,  with  a  downthrow  to  the 
north.  A  band  of  black  shales  appears  on  the  south  bank  of  the 
gully,  and  is  there  associated  witn  the  cherts ;  it  can  be  followed 
up  uie  cliff,  gradually  widening  out,  until  at  the  top  it  may  be 
seen  lying  in  a  fold  of  the  cherts.  From  this  locality  the  follow- 
ing forms  were  obtained :  Biphgrwptus  euglyphus,  Corynoidss 
caly(mla/n8,  C.  nov.  sp.,  and  Diplograptvs  fotiucetLS, 

The  north  side  of  the  gully  is  occupied  by  grey  shales  and 
greywackes,  which  dip  south-easterly  at  70^  and  are  traceable 
eastwards  as  far  bs  the  spring,  where  they  are  covered  with  drift. 
About  700  yards  to  the  north-east,  the  cnerts  reappear  in  knolls 
in  a  field  and  in  a  road  round  the  edge  of  a  wood  west  of  Port- 
more  Loch.  They  are  also  seen  in  the  wood.  On  the  east 
margin  of  Portmore  Loch,  greywackes  and  shales  rise  in  the  line 
of  strike  of  the  folds  of  chert  to  the  west.  The  strata  in  this 
region  generally  dip  to  the  south-east. 
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CHAPTER  Xm. 

THE  NORTHERN  "SELTl— continued, 

ARENIG,     LLANDEILO,    AND    CARADOC    FORMATIONS    IN    THE    DISTRICT 
BETWEEN   WRAE,   PEEBLESSHIRE,   AND   THE   LAMMERMUIR   HILLS. 

A  BELT  of  Caradoc  strata  extending  down  Tweeddale  from  Glencotho 
and  Wrae,  by  Drummelzier  and  Stobo  Castle,  to  Hamilton  Hill  and 
Winkston,  north  of  Peebles  (Sheet  24  of  the  Survey  Map),  is  of 
special  interest,  not  only  on  account  of  the  presence  of  fossiliferous 
limestone  and  conglomerate,  but  also  from  the  occurrence  of  a 
remarkable  series  of  interbedded  lavas  and  tuffs,  which,  as  shown  in 
Chapter  IV.,  differ  in  cei'tain  aspects  from  the  earlier  volcanic  rocks 
of  Arenig  time.  That  these  igneous  materials  were  undoubtedly 
contemporaneous  with  their  associated  strata  is  proved  by  their 
relation  to  the  fossiliferous  limestones  and  conglomerates  and  by 
the  occurrence  of  fossils  in  calcareous  volcanic  tuff.  This  develop- 
ment of  volcanic  activity  during  Caradoc  time  seems,  however,  to 
have  been  comparatively  local,  for  though  the  distance  between 
Glencotho  and  Winkston  is  only  about  fifteen  miles,  the  lavas  and 
tufis  have  not  been  traced  continuously  between  these  points. 
Neither  have  they  been  found  elsewhere  throughout  the  Caradoc 
strata  of  the  Southern  Uplands,  save  in  a  few  instances  in  the 
Sanquhar  and  Leadhills  district. 

The  fossiliferous  limestones,  conglomerates,  and  contempor- 
aneous volcanic  rocks  are  associated  with  a  prominent  band  of 
shales  and  slates,  admirably  displayed  in  the  Stobo  slate  quarries. 
In  these  excavations  a  small  arch  of  Hartfell  black  shales  appears  and 
reveals  the  fossils  of  Pleiirograptits  linearis  zone.  The  occurrence 
there  of  the  highest  sub-zone  of  the  Hartfell  black  shales  helps 
to  confirm  the  correlation  of  the  Stobo  Slates  and  Lowther  Shales 
with  the  Barren  Mudstones  of  the  Moffat  region.  Hence  the 
boundary  marking  the  northern  base-line  of^the  Llandovery  Eocks 
in  Sheet  24  has  been  drawn  along  the  southern  limit  of  this  belt 
of  strata. 

In  the  following  paragi'aphs,  we  shall  first  describe  the  develop- 
ment of  fossiliferous  limestones,  conglomerates,  and  contem- 
poraneous volcanic  rocks  between  Wrae  and  Winkston,  and  proceed 
thereafter  to  indicate  their  relations  to  the  Stobo  slat-es  and  Hartfell 
black  shales. 

Wrae  Quarries. — On  the  eastern  tiope  of  Wrae  Hill, 
overlooking  the  Tweed,  a  series  of  quarries  has  been  opened  for 
different  purposes — one  for  slates,  a  second  for  building  stone,  and 
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others  for  limestone.  In  the  eastmost  quarry — ^that  opened  for 
building  stone — near  the  Powder  Magazine,  slates  are  visible  on  the 
north  side,  and  coarse  pebbly  grit  in  the  centre  of  the  excavation. 
On  the  south  side,  the  brecciated  material  is  embedded  in  the  slates, 
with  curious  neste  of  small  rounded  pebbles  of  quartz  and  quartzite, 
which,  owing  to  the  decomposition  of  the  enclosing  matrix,  can 
easily  be  removed  by  the  hammer.  In  some  instances,  the  pebbles 
of  quartzite  reach  a  considerable  size  ;  one  in  particular,  resembling 
that  type  of  rock  in  the  Perthshire  Highlands,  measures  nine  inches 
across. 

At  the  1000-feet  contour  line  the  lower  limestone  quarry  has 
been  excavated  for  a  distance  of  30  yards  along,  and  about  20  yards 
across,  the  strike.  The  higher  portion  of  the  quarry  is  covered 
with  debris,  but  in  the  centre  an  excellent  section  shows 
the  relations  of  the  lavas  and  tuffs  to  the  slates,  and  the  pre- 
sence of  fossiliferous  limestone  in  the  tuff.  Beginning  at  the 
north  side,  we  find  blue  and  grey  slates  protruding  through  the 
turf,  and  close  to  the  north  edge  of  the  quarry,  dipping  to  the 
N.N.W.  at  high  angles.  Southwards  these  slates  are  succeeded  by 
18  feet  of  grey  tuff,  in  which  the  fossiliferous  limestone  nodules  are 
embedded.  Part  of  this  tuff  is  coarse,  with  recognisable  fragments 
of  soda-felsite,  while  other  parts  are  comparatively  fine,  composed 
largely  of  lapilli  of  soda-felsite  lying  in  a  calcareous  matrix.  A 
remarkable  feature  of  the  rock  is  the  mode  of  occurrence  of  its 
included  limestone,  in  the  form  of  nodules,  lenticles,  and  oval 
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masses,  which  are  not  cleaved.  Many  of  these  are  fossiliferons  ; 
some  being  abundantly  charged  with  encrinites,  others  with 
trilobites,  brachiopods,  &c.  This  tnff  is  succeeded  by  grey  slates 
with  thin  intercalations  of  fine  tuff.  In  the  centre  of  the  quarry 
two  bands  of  fine-grained  vesicular  lava  are  separated  by  a  thin 
parting  of  grey  slate — ^the  bands  measuring  two  feet  and  four  feet 
thick  respectively.  They  are  followed  by  grey  calcareous  tuff. 
Southwards  the  section  is  obscured  by  debris,  but  at  the  southern 
edge  cleaved  slaggy  lava  and  tuff  appear. 

The  higher  limestone  quarry  is  in  reality  an  excavation  of  the 
rocks  much  in  the  same  line  of  strike  as  that  of  the  lower ;  the  tuff 
with  limestone  bands  and  nodules  occurs  on  the  south  side,  while 
the  centre  and  north  side  are  occupied  by  slates.  An  important 
section  is  displayed  by  the  side  of  the  old  roadway  leading  from 
the  Old  Limekiln  to  this  quarry.  On  'the  west  side  of  the  path 
grey  and  blue  slates,  dipping  south-eastwards  at  high  angles,  are 
followed  by  a  bed  of  fine-grained  soda-felsite-lava,  forming  a 
prominent  rib  which  extends  down  the  slope  into  the  lower  quarrj^ 
and  up  the  slope  in  a  westerly  direction.  Under  the  microscope 
this  rock  (No.  7199)  shpws  "  phenocrysts  of  felspar,  probably 
anorthoclase.  Groundmass  spotted  in  ordinary  light,  finely  crystal- 
line with  small  microlites  of  felspar."  By  the  side  of  the  road  this 
lava-flow  is  from  eight  to  ten  feet  thick,  but  it  gradually  widens 
when  traced  up  the  slope,  and  becomes  more  vesicular.  Eastwards, 
on  the  farther  side  of  a  talus  of  debris,  an  exposure  of  tuff  with 
calcareous  nodules  is  visible  also  on  the  south  side  of  the  quarry. 
At  this  point  the  following  fossils  were  collected  during  the  visit 
of  the  Geological  Survey  in  1896,  viz. :  Lingula  attenuata, 
Sirophomevui  grandis,  Discina  perrugata,  lUcenvs  Bowmani,  and 
SpfuBrexochus  mints. 

Westwards  from  the  limestone  quarries,  the  volcanic  tuif  can 
be  traced  for  a  distance  of  about  300  yards  to  a  point  near  a 
stone  fence,  where  it  has  been  excavated  for  dyke-building. 
Midway  between  these  localities,  a  section  visible  in  a  smidl 
quarry-hole  shows  cleaved  slaggy  lava  and  tuff  with  slates  and 
breccia  containing  some  volcanic  material.  Nodules  of  lime- 
stone occur  in  the  tuff,  one  of  which  vielded  an  Orthoceras. 

w 

The  following  list  of  fossils  from  the  limestone  and  tuff  at 
Wrae  and  Drummelzier  has  been  collected  by  the  Geological 
Survey: 


Olyptocrifvus  haxdis  (M'Ooy.) 

Cnnoid  sfcems. 

Aaaphua  sp. 

Ckeirurus  sp. 

nUjBnus  Bowmani  (S^lt.) 

„       DaviHy  var.  B.  invclutus 

(Salt.) 
Spharexoehus  mirus  (Beyr.) 
Ditcina  perrugata  (M*<Joy.) 


„       sp. 


Lept<Ena(Plectambonite8)  transversals 

(Wahl.) 
Lingula  attenuaia  (Sow.) 

, ,        longissima  (Pand. ) 
Orthis  actonia  (Sow.) 
,,      calligramma  (Dalm.) 
„      sowerhyana  (Day.) 
Cydonema  sp. 

Oyrtoeeras  scoticum  (Blake.) 
Orthoceras  arenoliratum  (Hall.) 
„         sp. 

li 
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The  volcanic  zone  has  not  been  observed  in  place  west 
of  the  stone  fence  on  Mossfennan  Brae,  but  as  blocks  of  tuff  occur 
on  the  west  slope  of  that  hill  the  rock  may  not  improbably  be 
in  situ  somewhere  on  that  hill. 

Glencoth o. — About  two  and  a  half  miles  to  the  south-west 
of  the  Wrae  Quarries,  a  similar  development  of  contemporaneous 
volcanic  rocks  is  associated  with  the  well-known  fossiliferous 
limestone  of  Glencotho.  This  locality  is  situated  in  the  basin  of 
the  Holms  Water,  about  half  a  mile  to  the  south-east  of  Glen- 
cotho Farmhouse,  where  the  Glencotho  Bum — an  affluent  of  the 
Holms  Water — receives  a  small  tributary  riv\ilet  that  drains 
the  western  slope  of  the  Benshaw  Hill.  The  volcanic  rocks  are 
exposed  in  this  tributary  and  in  'quarries  on  the  adjacent  slope. 

The  eastmost  quany  affords  clear  evidence  of  the  association  of 
the  limestone  with  volcanic  tuff.  At  the  southern  edtje  of  the 
quarry  grey  calcareous  tuff  is  seen  resting  on  a  tolerably  solid  mass 
of  limestone,  underlain  by  tuff  with  limestone  nodules,  and  at  the 
northern  limit  of  the  quarry  by  tuff.  The  total  thickness  of  beds, 
which  there  dip  to  the  S.S.E.  at  high  angles,  is  38  feet.  Here  the 
tuff  contains  blocks  and  lapilli  of  soda-felsite,  embedded  in  a 
calcareous  matrix.  Not  far  to  the  south  fine-grained  lava  protrudes 
through  the  turf,  followed  on  the  south-east  side  by  tuff  with  lime- 
stone lenticles  and  nodules.  The  lapilli  in  the  tuff  are  highly 
vesicular  and  are  set  in  a  matrix  of  crystalline  calcite. 

About  100  yards  to  the  south  of  the  eastmost  quarry,  an  in- 
teresting section  is  visible  in  the  streamlet  that  drains  into  the 
Glencotho  Burn.  At  the  south  or  upper  limit  of  the  volcanic 
series,  grits  and  shales  are  faulted  against  a  fine-grained  lava 
(soda-felsite)  with  phenocrysts  of  felspar  in  a  grey  matrix. 
Northwards  this  bed  of  lava  is  followed  by  grey  shales  and  grey- 
wackes  with  thin' bands  of  tuff.  Again,  the  westmost  quarry 
supplies  an  excellent  section  of  calcareous  tuff,  which  can  be 
followed  south-westwards  along  the  slope  overlooking  the  Glen- 
cotho Bum,  where  it  appears  to  occupy  two  separate  folds.  The 
following  list  of  fossils  has  been  obtained  from  the  solid  limestone 
and  nodules  in  the  tuff: 


Crinoid  stems. 

Glyptoci^inus  hoMlis  (M'Coy.) 
lUcenus  (young  of) 
Phacops  alifrons  (Salt.) 
SphcerexochtLs  mirus  (Beyr.) 


Triplesia  incerta  (Dav.) 
Modiolopsis  orbicularis  (?)  (Sow.) 
Orthonota  undata  (?)  (Sow.) 
(hjclonema  (?) 
Bellerophon  (Euomphalun)  wvlptua 


Discina  sp.  '  (Sow.) 

Lingvla  attemuita  (Sow.)  |    Holopea  concinna  (M*Coy.) 

Leptcejia  sericea  (Sow.)  Lituites  (Trocholites)  comu-arietes 

,,         sp.  '  (Sow.) 

Orthis  actonice  (Sow.)  I    Loxonenui  sp. 

,,      hifarata  (Schl.)  Orthocercts  pendens  (BlB^e.) 

,,      calligramma  (Dalm.)  ,,         sp. 

Meristella  (Whitfieldia)  ttimida 

(Dalm.) 

Drummelzier . — ^The  volcanic  zone  of  Wrae  and  Glencotho 
IS  prolonged  t^  the  east  side  of  the  valley  of  the  Tweed,  where, 
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south  from  the  Old  Castle  of  Dnimmelzier,  various  quarries  have 
been  opened  in  the  tuff  containing  the  limestone.  In  the  westmost 
excavation  4*6  feet  of  volcanic  ash  have  been  laid  open,  all  more  or  less 
highly  cleaved.  Strange  to  say,  though  the  volcanic  matrix  is 
schistase,  the  nodules,  lenticles,  and  oval  masses  of  limestone 
embedded  in  it  are  not  cleaved.  Here,  as  at  Wrae,  Glencotho, 
and  Winkston,  the  limestone  yields  encrinites  in  abundance, 
together  with  trilobites,  brachiopods,  &c. 

The  calcareous  tuff  is  succeeded  southwards  bv  shalv  erev- 
wackes  and  shales  which  dip  to  the  S.S.E.  About  45  yards  to 
the  south  of  the  quarry,  a  bre<x;iated  grit,  resembling  that  in  one 
of  the  Wrae  quarries,  appears.  By  means  of  various  exposures  the 
volcanic  ash  can  be  traced  along  the  hill  rlope  to  the  north-east  for 
a  distance  of  three-quarters  of  a  mile  from  the  westmost  quarry. 

The  tract  along  which  these  contemporaneous  volcanic  rocks 
have  been  followed  between  Glencotho  and  Drummelzier  is  about 
four  and  a  half  miles  in  length.  Beyond  it  to  the  north-east, 
for  a  distance  of  about  seven  miles,  no  trace  of  them  has 
been  observed,  save  in  certain  exposures  of  erit  in  the  St^obo 
slate  quarries,  which  contain  fragmental  volcanic  material.  They 
reappear,  however,  on  Hamilton  Hill  to  the  north  of  Peebles. 

Hamilton  Hill,  Peebles. — ^This  locality  is  situated 
about  a  mile  and  a  half  to  the  N.N.W.  of  Peebles  on  the  west  side 
of  the  Eddleston  Valley.  A  road  skirting  the  hill  about  the  level 
of  the  1000-feet  contour  line,  leads  to  a  slate  quarry  on  the  north- 
east declivity  about  200  yards  distant  from  the  gateway  bounding 
the  cultivate  ground.  The  strata  in  the  centre  and  on  the  south 
side  of  the  quarry  consist  of  grey  shales  repeated  by  folds  and 
nearly  vertical.  On  the  north  side  a  pebbly  grit  contains  fragments 
of  grey  shale,  black  shale,  rounded  quartz  pebbles,  and  small 
nodular  masses  of  limestone.  In  contact  with  this  pebbly  grit,  and 
forming  the  north  bank  of  the  quarry,  comes  a  bed  of  decomposing 
lava,  vesicular  in  places,  with  porphyritic  felspars  referred  by  Mr. 
Teall  to  the  type  of  the  soda-felsites.  By  means  of  debris  on  the 
slope,  this  volcanic  rock  can  be  traced  in  an  E.N.E.  direction  to 
another  quarry  below  a  stone  fence  at  the  comer  of  a  field,  where  it 
forms  the  face  of  the  quarry  for  a  distance  of  eleven  yards.  Here 
the  soda-felsite  is  highly  vesicular,' the  cavities  being  filled  with 
carbonate  of  lime ;  it  also  contains  porphyritic  felspars.  On  the 
south  side  of  the  quarry,  shale  debris  occurs,  and  on  the  north 
side  pebbly  grit  and  shales  are  found. 

About  150  yards  farther  to  the  west,  another  small  excavation 
has  been  opened  in  a  band  of  grit,  containing  large  fragments  of 
black  shale— one  over  a  foot  across — from  which  the  following 
fossils  were  collected :  Climacograpkcs  bicomis,  0.  ccdatus  var. 
antiquiis,  0.  ScJi/frenbergi,  Dicrcmograptus  rwmosus,  Diplograptvs 
faluiceus,  OboleUa, 

This  part  of  the  hill  slope  is  strewn  with  fragments  of 
black  cherty  shales,  from  which  the  late  Mr.  Robert  Mathie- 
son    obtained    specimens   of    Diphgraptvs  ruqosus    and    IHsdna 
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Portlocki.  These  fragments  may  probably  indicate  the  occur- 
rence of  an  outcrop  of  black  cherty  shales  in  this  portion  of 
Hamilton  Hill  which  is  concealed  by  the  turf. 

In  a  W.S.W.  direction  across  Hamilton  Hill,  slaggy  lava,  like- 
wise of  the  type  of  the  soda-felsites,  occurs  apparently  on  three 
separate  folds.  Of  these  the  most  important  is  that  seen  on  the 
north-west  slope  just  within  the  cultivated  ground  and  about  a 
mile  and  a  half  S.S.E.  from  Upper  Kidston  Farmhouse.  Here 
the  outcrop  of  lava,  about  20  yards  broad,  is  bounded  on  the 
south  side  by  grev  shales,  striking  E.  20®  N.  and  nearly  vertical, 
while  on  the  north  side  oval  masses  and  fragments  of  fossilif erous 
limestone  are  in  contact  with  and  even  included  in  the  lava.  On 
the  latter  side  also,  pebbly  grit  with  small  nodules  of  limestone 
occurB  close  to  the  soda-felsite.  Under  the  microscope,  the  volcanic 
rock,  containing  angtdar  fragments  of  white  crystalline  marbla, 
shows  "phenocrysts  of  an  acid  plagioclase  and  probably  also 
sanidine  in  a  ground-mass  of  microlitic  felspars."  The  cal- 
careous grit,  on  the  north  side,  is  full  of  fragments  of  lava, 
which,  under  the  microscope,  are  identical  with  and  closely  allied 
to  the  adioining  rock  in  the  quarry. 

Several  blocks  of  limestone  were  observed  in  a  stone  fence 
bounding  this  field,  and  from  these  blocks  the  following 
collection  of  fossils  was  chiefly  obtained : 

Crinoid  stems.  '  L^Utna  aericea  (Sow.) 

CTietrunM  &tmucrona^iM  (Murch.)  ,  meristdla(JVhitfiMia)tumtda 

„        gela8ino8U8  (Portl.)  |  (Dalm.) 

SpkotrexoehMs  mirus  (Beyr.)  |  OtiKU  actonicR  (Sow.) 


Discina  pemigaia  (M'Coy.) 

„       ap. 
lAngula  atUwiuxta  (Sow.) 

,,       Ramsa'tfi  (Salt.) 
ObcleUa  or  Kutorgina. 
Siphanotreta  miciila  (M'Coy.) 


caUigramma  (Dalm.) 
sowerbyana  (Dav.) 
vespertilio  (Sow.) 

Orthis  sp. 
, ,      hke  girvanensis  (Bav. ) 

Strophomena  ddtoidea  (Ck>nr.) 


Winkston . — On  the  eastern  side  of  the  valley  of  the  Eddleston, 
the  well-known  fossiliferous  conglomerate  and  calcareous  breccia  of 
Winkston  occurs  about  two  miles  to  the  north  of  Peebles.  Good 
exposures,  still  to  be  met  with  in  quarries  by  the  road-side  and  in 
the  road-cutting,  show  the  rock  to  be  variable  in  character, 
though  in  general  it  may  be  described  as  a  calcareous  breccia, 
charged  with  sub-angular  fragments  of  various  materials,  including 
grey  shale,  black  shale,  quartz,  &c.,  with  innumerable  small  nodules 
of  crystalline  limestone  arranged  in  parallel  lines.  The  latter  vary 
in  size  from  pea-shaped  masses  to  nodules  from  two  to  six  inches 
across,  which  frequently  decompose  and  leave  cavities,  giving 
the  rock  a  curious  pitted  appearance.  By  an  increase  in  the 
calcareous  matter,  the  rock  merges  into  a  tolerably  solid  mass  of 
limestone,  as,  for  example,  in  the  section  at  the  road-side,  a  few 
yards  south  of  an  old  quarry,  where,"  also,  graptolites  (including 
CliTTUicograiiULS  bicomis  anAlIHplograjotus)  were  found  in  a  fragment 
of  black  shale  in  the  calcareous  breccia. 

In  the  old  quarry  the  calcareous  breccia  dips  to  the  S.S.E. 
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about  60^  Here,  after  a  careful  search  for  fossils  during  a  recent 
visit  of  the  Geological  Survey,  the  species  were  obtained  that  are 
given  in  the  following  list.  The  smaller  limestone  nodules  consist 
mainly  of  a  mass  of  encrinites,  the  larger  blocks  yield  forms  similar 
to  those  at  Wrae  and  Glencotho  : 


Favoaitts  cristatus  (Blum.) 
TurnU^Mssp. 

Cheiruru$  hitMicronatua  (Murch.) 
lUanuM  Bowmani  (Salt.) 
Ditcina  perrugctta  TM'CJoy.) 
Lingula  aUenwUa  c^w.) 
Banuayi  (Salt.) 


»» 


99 


7p 


Lqptcena  (FlectamibanUes)  transver- 

talis  (Wahl.) 

„        quinqiLecodata 

(M*Coy.) 


*» 


Leptctna  (Plectambonites)  sericea 

(Sow.) 
MeristeUa  (Whitfieldia)  tumida 

(Dalm.) 
Orihis  actonue  (Sow.) 
, ,      vetpertUio  (Sow. ) 
, ,      caUigramma  (Dalm. ) 
Siphonotreta  micula  (M'Coy.) 
8troph(miena  hke  skaUochenais  (Day.) 
(Bc^fiThesquina)  delioidea 

(Conr.) 
sp. 
Tripleaia  sp. 


>i 


»» 


In  an  old  quarry  about  250  yards  farther  to  the  east  an  excellent 
section  may  be  seen  of  the  brecciated  grit  containing  fragments  of 
grey  and  blue  shale,  black  shale  (one  fragment  yielding  ClimcLCo- 
graptvs  sp.),  chert,  greywacke,  and  various  igneous  rocks. 

Further  up  the  slope,  and  about  500  ycurds  E.N.E.  of  Wink- 
ston  old  qtuury,  the  breccia  with  limestone  nodules  is  well 
seen.  Indeed,  it  can  be  traced  at  intervals,  by  means  of  ex- 
posures on  the  slopes  and  hill-top,  as  far  as  Collie  Law,  where  a 
brown  grit  with  Orthis  occurs.  Un  the  northern  slope  of  Wink- 
ston  Hill  an  interesting  development  of  volcanic  rocks  evidently 
represents  the  volcanic  zone  of  Hamilton  Hill,  Wrae,  and  Glen- 
cotho. They  form  a  narrow  band  running  in  an  E.N.E.  direction 
from  the  main  road  at  Winkston  Quarry  for  a  distance  of  about 
1200  yards.  Their  greatest  breadth  is  about  200  yards.  Along 
their  northern  margin  the  relations  of  the  volcanic  rocks  to  the 
surrounding  strata  are  obscured  by  drift,  while  on  the  south  side, 
though  the  lavas  occur  close  to  the  sediments,  the  actual  junction 
has  not  been  detected.  The  best  exposures  are  to  be  seen  on  the 
north  slope  of  the  Winkston  Hill,  about  half  a  mile  E.N.E.  of  the 
Winkston  Quarry.  Here  small  knobs  of  pink  felsitic  lavas  appear, 
one  in  particular  having  a  red  mottled  appearance.  A  microscopic 
section  (No.  7152)  of  the  latter  variety  is  thus  described  by  Mr. 
Teall :  "  This  is  a  most  beautiful  perlitic  felsite.  All  the  well- 
known  details  of  perlitic  structure  are  perfectly  illustrated.  The 
perlitic  cracks  are  marked  out  by  ferrite.  The  most  striking 
feature  of  this  rock  is  the  occurrence  of  irregular  patches  of  calcite, 
giving  uniform  extinction  over  large  areas,  in  which  the  perlitic 
structure  is  as  perfectly  shown  as  it  is  in  the  normal  felsitic  matrix. 
The  main  mass  of  the  rock  is  an  extremely  fine  crystalline  aggre- 
gate largely  composed  of  very  minute  felspar  microlites.  A  few  of 
the  larger  felspar  laths  occur  in  the  calcite  patches." 

About  100  yards  to  the  west  of  the  knob  composed  of  the 
mottled   perlitic  felsite,   pink  fine-grained   felsite   appears  in 
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debiis^  evidently  due  to  the  breaking  up  of  the  solid  rock  under- 
neath. Eastwards  at  a  distance  of  250  yards  an  old  quarry  near 
a  stone  fence  furnishes  a  good  section  of  felsitic  lava.  To  the  south 
of  it,  fossiliferous  crystalline  limestone  is  visible  in  a  small  exposure, 
which,  for  a  distance  of  200  yards,  can  be  traced  along  the  southern 
margin  of  the  felsitic  lavas  by  means  of  a  bright  green  grassy 
hollow. 

In  the  stone  dykes  bounding  these  fields,  large  blocks  of  felsitic 
lava  show  beautiful  fluxion  structure,  contortion  of  the  igneous 
laminaB,  and  brecciation  of  the  rock.  It  is  highly  probable  that  this 
structure  was  produced  when  the  rock  was  molten  and  flowing  as  a 
viscous  mass  along  the  sea  floor.  Tow^ards  the  east  the  felsitic  lavas 
disappear,  but  south-westwards  they  can  be  traced  by  means  of 
debris  on  the  fields  as  far  as  the  high  road  north  of  Winkston 
Quarry. 

We  will  now  proceed  to  indicate  the  relations  which  the 
fossiliferous  limestone  and  bi-eccia,  with  their  associated  volcanic 
rocks,  between  Glencotho  and  Winkston  bear  to  the  Lowther  Shales 
and  Stobo  Slates,  and  to  the  black  shale  zones  of  the  Moffat  series. 

Stobo  Slate  Quarries. — ^Professor  Nicol  was  the  first 
to  call  attention  to  the  occurrence  of  the  Wrae  limestone  in  blue 
slates  or  shales,  which  can  be  traced  continuously  to  the  south- 
west towards  the  valley  of  the  Clyde  and  the  Lowther  Hills,  and 
north-eastwards  to  Stobo.  To  the  west  of  Stobo  Castle,  and  on 
the  north  side  of  the  valley  of  the  Tweed,  the  ground  is  trenched 
by  deep  quarries  which  have  been  opened  along  the  strike  of 
the  beds.  The  westmost  quarry — the  largest  of  the  series — 
exposes  a  fine  section  of  grey  and  blue  slates  with  one  or  two 
bands  of  brecciated  grit  containing  fragmentai  volcanic  mate- 
rial, the  whole  series  dipping  to  the  S.S.E.  at  high  angles.  In  a 
small  quarry  immediately  to  the  south,  three  sharp  arches  reveal 
black  shales,  of  which  the  eastmost  outcrop  is  the  most  important. 
These  strata  consist  of  alternations  of  thin  black  flinty  ribs  and 
black  shale,  much  slickensided  along  movement  planes,  so  that 
fossils  are  difficult  to  obtain.  In  a  prolonged  search  the  following 
fossils  were  collected : 

Pleurograptus  linearis  (Carr.)  Lasiogmptus  margariMus  (Lapw.) 

Dicdlograptus  Morrisi  ^opk.)  Eetiolites  (Neurogra/ptus)  fibrtUxis 

,,  elegams  (Carr.) 

„  sp. 

Climacograptushicornia  (lai^  forks.) 

,,  tubulifenjLs  (Lapw.) 

Oryptogiraptus  tricomis  (Carr.) 


(Lapw.) 
Diplograptus  fcliaceus  (Muich. ) 

„  sp. 

Dicranograptus  sp. 


This  assemblage  indicates  the  position  of  the  highest  sub-zone 
of  the  Hartfell  black  shales  of  the  Moffat  region  (Lower  Caradoc), 
and  hence  the  Stobo  Slates  that  overlie  this  band  may  naturally 
be  regarded  as  the  equivalents  of  the  Barren  Mudstones  of 
Moffat  (Uppeir  Caradoc). 

Holms  Waterhead,  Glencotho  (Sheet  24  of  Survey 
Map). — Various  arches  of  the  Moffat  Shales  appear  not  far  to  the 
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north  of  the  volcanic  zone  in  the  Glencotiio  quarries.  In  the  Hai'e 
Bum  (which  joins  the  Hohns  Water  at  Holms  Waterhead),  above 
Holms  Waterhead,  grits  and  sandy  micaceous  shales  occupy  the 
water-couiTse  as  far  up  as  the  branching  of  the  stream,  where  black 
shales  come  to  the  surface.  A  few  feet  above  the  fork,  cleaved  black 
shales  visible  on  the  bank  yielded  Gorynoides  calycularis,  DiceUograp- 
Uis  degans,  Leptograptus  fiaccidvs,  Diplograptus  foliac&us.  Further 
up  stream  radiolarian  cherts  and  black  shales  are  visible  on  the 
west  bank.  The  shales  being  cleaved,  fossils  are  difficult  to  obtain 
from  them,  but  JDiplogra/pius  euglyphus  w^as  found  in  the  band  next 
the  grey  cherts,  and  Corynoides  calycularis  was  collected  from 
the  outer  zone.  Massive  grey  grits  occur  on  the  hill  slope  not 
far  from  the  exposure  of  the  black  shales  at  this  locality.  Near 
the  head  of  the  Hare  Bui-n  much  cleaved  and  shattered  black 
cheit  and  shale  are  met  with. 

On  the  south  side  of  the  valley,  in  another  small  tributary  of 
the  Holm  Bum  further  to  the  south-west,  gi'ey  cherts  and  black 
flints  and  shales  appear  near  the  he^d  of  the  burn,  followed  nort«h- 
wards  by  brown  shales  and  decomposing  gi'eywackes  with  dark 
blue  seams.  On  the  south-western  side  of  the  watershed  between 
the  Holms  Water  and  one  of  the  branches  of  the  Culter  Water, 
near  the  Holm  Nick  (N.W.  comer  of  Sheet  16),  a  considerable 
display  of  radiolarian  cherts  and  black  shales  may  be  seen  in  the 
Nout  Craig,  and  in  the  gully  formed  by  the  Nout  Craig  Bum.  These 
strata  are  here  brought  into  contact  w-ith  the  grey\vacke8  by  a  fault. 

Basin  of  the  Eddleston  near  Winkston. — Similar 
evidence  is  obtained  near  Winkston^  indicating  that  no  great 
thickness  of  strata  can  intervene  between  the  outcrops  of  Arenig 
cherts  and  Moffat  black  shales  on  the  one  hand,  and  the  position 
of  the  fossiliferous  limestone  and  breccia  of  Winkston  on  the 
other.  At  the  head  of  a  small  stream  traveling  the  eastern  portion 
of  the  Winkston  volcanic  rocks,  and  immediately  to  the  south  of 
the  lavas,  a  continuous  section  of  blue  shales  may  be  followed  for  a 
distance  of  250  yards  across  the  strike,  and  near  to  this  locality 
debris  of  Moffat  black  shales  occurs.  Again,  to  the  north  of 
Winkston,  midway  between  Old  Milkieston  and  Windylaw,  black 
shales  and  debris  of  chert  are  visible  in  the  fields. 

About  two  miles  and  a  half  to  the  north-east  of  Winkston 
evidence  has  been  noted  of  the  existence  of  folds  of  the  Moffat 
Shales  near  the  fossiliferous  grits.  On  the  slopes  of  the  valley 
formed  by  the  stream  named  the  Black  Cleuch  on  the  six-inch 
map,  that  rises  between  the  Garden  Law  and  Whiteside  Edge, 
three  outcrops  of  the  Moffiit  series  may  be  examined.  The  two 
more  northerly  exposures  display  the  Arenig  cherts  and  black 
shales,  while  the  most  southerly  one  reveals  only  debris  of  black 
shales.  Along  the  northern  declivity  of  the  Whiteside  Edge 
debris  of  radiolarian  chert  can  be  traced  for  a  short  distance. 
The  crest  of  the  Whiteside  Edge  is  formed  of  grits  lying 
between  two  folds  of  the  Mo£bt  Shales ;  these  merge  in  places  into 
a  breccia  charged  with   angular  fragments  of  shale   and   cal- 
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careous  nodules  with  encrinite  stems,   resembling  the  fosaili- 
ferous  calcareous  breccia  in  Winkston  Quarry. 

Head  Waters  of  the  Leithen,  East  of  Eddleston. — 
In  the  higher  part  of  the  Leithen  Water,  west  of  Bowbeat  Hill 
(2049  feet),  several  folds  of  the  Mofiat  series  display  the  radiolarian 
cherts  and  some  of  the  members  of  the  overlying  black  shales. 
The  most  important  series  of  arches  occurs  in  the  Leithen  Water, 
about  2^  miles  due  east  of  Eddleston  Station,  and  also  due  east  of 
Hog  Knowes — a  heathery  hill  rising  to  a  height  of  1682  feet  on 
the  west  side  of  the  Leithen.  On  the  east  side  of  the  valley  a  scar 
of  black  shales  on  the  slope  of  the  Bowbeat  Rig,  from  which  a 
small  stream  flows  to  the  Leithen  Water,  forms  a  good  base-line  for 
studying  the  structure  of  the  immediately  surrounding  ground. 

About  thirty  yards  north  of  the  junction  of  this  streamlet,  black 
shales  appear  in  the  Leithen  Water,  and  occupy  the  watercourse 
for  several  yards.  They  are  much  shattered  and  veined  with  quartz 
and  do  not  yield  fossils  readily.  They  are  succeeded  northwards 
by  brown  greywackes  and  shales  which  dip  south-easterly.  At  the 
northern  limit  of  this  mass  of  greywackes  and  shales  a  band  of 
pebbly  grit  exposed  in  the  bed  of  the  stream  contains  lenticles  of 
black  shales,  and  is  followed  by  black  shales  associated  with  black 
cherty  ribs.  From  these  black  shales  graptolites  have  been  obtained, 
some  of  which  belong  to  the  middle  sub-zone  of  the  Lower  Hartfell 
black  shales,  including  DiplograpttLS  foliaceus,  IHceUograpttis,  Cory- 
noides  caiycidaria,  GlimacograptiLS  cavdatus.  Fossils  are  neither 
abundant  nor  in  good  preservation.  These  black  shales  are  followed 
northwards  by  the  grey  radiolarian  cherts,  which  occupy  the  bed  of 
the  stream  for  23  yards,  and  show  the  typical  features  of  this  zone. 
Both  the  nodular  and  well-banded  varieties  occur,  charged  with 
radiolaria  in  abundance.  North  of  this  outcrop  of  cherts  another 
exposure  of  black  shales  occupies  the  stream  for  nine  yards, 
succeeded  by  cherts  for  a  distwce  of  sixteen  yards,  and  there- 
after by  black  shales  associated  with  black  cherty  ribs,  which 
pass  outwards  into  sandy  black  shales  and  pebbly  greywackes 
with  masses  of  black  sandy  micaceous  shales.  These  lenticular 
masses  of  black  shale  in  the  grits  yield  THphgraptus  foliaceus, 
Corynoides  calycvla/ris,  and  DiceUograpttLS. 

The  grits  just  mentioned  extend  in  the  water-course  for  a 
distance  of  twenty-three  yards  northwards,  when  black  sandy 
shales  reappear,  yielding  specimens  of  Latiograpttis  maraarir 
tatus.  The  grits  then  once  more  come  to  the  surface  and  are 
followed  immediately  by  another  sharp  fold  of  the  black  sandy 
shales. 

The  evidence  supplied  by  this  Leithen  Water  section  shows 
that  the  beds  are  repeated  oy  a  series  of  compound  folds. 

Bowbeat  Big*  Leithen  Water. — The  eastern  slope 
of  the  Leithen  Valley  is  trenched  by  a  stream  that  rises  high 
up  on  Bowbeat  Big,  the  north-weet  continuation  of  Bowbeat 
Hill,  and  forms  a  scar  in  the  upper  part  of  its  course.  Though 
no  section  is  visible  in  the  lower  part  of  the  stream,  important 
evidence  is  obtained  from  the  scar  in  the  higher  part  of  the 
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Slope.  Here  a  series  of  compoimd  folds  of  the  radiolarian  cherts 
ana  overlying  black  shales  is  followed  by  greywackes  and  shales. 
These  compound  folds  are  abruptly  truncated  on  the  south  side  by  a 
fault  that  runs  E.N.E.  and  brings  greywackes|and  shales  successively 
in  contact  with  the  cherts  and  black  shales.  On  the  nori;h  side 
of  the  scar  a  considerable  mass  of  black  shale  is  repeated  by 
numerous  rapid  folds.  The  bands  are  much  decomposed^  but 
at  the  line  of  jimction  with  the  greywackes  the  decomposed  black 
shales  have  furnished  the  following  forms  characteristic  of  the 
Plewrogrcuptus  linearis  zone :  Pleurograptus  linemis,  in  great 
abundance,  Diplograptus  quadHmucronatiLSy  Leptogrcupius  fiaccidvs, 
Biphgrcvptus  foliaceus,  Hyalostelia,  &c.  It  is  thus  apparent 
that  the  highest  sub- zone  of  the  Lower  Hartfell  black  shales  of 
the  Moffat  series  is  still  represented  as  a  black  shale  in  the 
district  of  the  head- waters  of  the  Leithen« 

Leithen  Water  South  of  Bowbeat  Rig. — About  250 
yards  south  of  the  junction  of  the  streamlet  on  Bowbeat  Big  with 
the  Leithen  Water,  two  small  antLcliiies  of  the  black  shales 
appear.  Fragments  of  cherts  and  black  shales  are  found  on  the 
north  slope  of  Garden  Law,  indicating  other  exposures  in  that 
neighbourhood.  The  general  character  of  the  strata^  however, 
exposed  in  the  Leithen  Water  resembles  that  of  the  Caiadoc 
type  in.  the  northern  area,  consisting  of  greywackes,  pebbly 
grits,  and  shales. 

An  important  band  of  conglomerate  is  visible  in  the 
Leithen  Water  at  a  point  about  a  quarter  of  a  mile  north-east 
of  the  top  of  Gardon  Law,  and  about  half  a  mile  south  of  the 
section  in  the  scar  on  Bowbeat  Rig.  At  one  locality  on  the  north 
bank  of  the  Leithen  Water,  opposite  a  sheep-fold,  where  the  best 
expobui'e  in  met  wiih,  tiie  conglomei'ate  appears  along  the  back 
of  an  arch,  which  is  truncated  by  a  small  fault  on  its  northern 
aide.  At  the  broadest  part  the  conglomerate  is  five  feet  wide, 
and  consists  of  a  grey  grit  with  pebbles  of  various  rocks  and 
lenticular  masses  of  black  chert,  the  latter  sometimes  four  feet 
long.  Blocks  or  masses  of  grey  and  red  radiolarian  chert  like- 
wise occur,  and  pieces  of  black  shale  containing  Dicellograptus 
and  Diplograptus  foliaceus.  The  rounded  pebbles  are  composed 
of  calcareous  greywacke,  quartzite  (one  at  least  ten  inches 
across),  and  of  quartz-felsite,  one  nine  inches  across.  The  grey 
shales  and  mudstones  are  seen  folding  over  the  conglomerate  on 
the  face  of  the  bank.  Other  bands  of  pebbly  grit,  not  so  coarse 
in  texture,  occur  in  the  immediate  neighbourhood. 

This  band  of  coarse  conglomerate  lies  a  little  to  the  north  of 
the  line  of  strike  of  the  band  of  fossiliferous  conglomerate  on 
Winkston  BLiU,  believed  to  be  of  Garadoc  dugd.  It  is  unfossili- 
f erous,  but  as  the  Pleurograptus  linearis  zone  (the  highest  sub- 
zone  of  the  Hartfell  black  shales.  Lower  Garadoc)  occurs  in  black 
shales  not  far  to  the  north,  on  Bowbeat  Rig,  it  may  be  of  Upper 
Caradoc  age.  A  probable  continuation  of  it  is  exposed  on  the 
hill  slope,  from  400  to  500  yards  to  the  south-west,  near  the 
waterdied  between  the  Leithen  and  Eddleston  Waters. 
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fiowbeat  Bur n. — Ihis  sUeam  rises  between  the  Bowbeat 
Hill  and  Bowbeat  Kig,  and  flows  south  into  the  Leithen  Water. 
At  a  point  about  '300  yards  up  from  the  junction  of  the  two 
streams  the  radiolai'iau  cheHs  oi  Arenig  age  are  exposed  on  both 
siaes  oi  tne  valley.  Un  tne  west  side  ot  the  valiey  the  black 
shales  and  black  cherts  are  seen  in  contact  with  the  grey  radio- 
larian  cherts^  the  width  of  the  exposure  measuring  iG  yards. 
I'rom  the  black  shale  bands  at  this  locality,  in  immediate  contact 
with  the  cherts,  the  following  forms  were  obtained  :  JJidymoyraptus 
supersteSf  DiceUograptiis,  Biphgraptus  foUaceus,  CliTnacocfraptus 
bicornis.  On  the  east  side  of  the  valley  the  green  mudstones  of 
Arenig  age  are  visible  in  contact  with  the  cherts,  and  yield  the 
conodont-like  organism  which  occurs  with  the  Arenig  mudstones 
at  Bavengill  (Abington). 

On  the  eastern  slope  of  the  valley  the  black  shales  and  cherts 
make  theii*  appearance  along  the  line  of  strike.  Their  outcrop 
can  be  traced  by  means  of  debris  to  the  Leithen  Water,  near  to 
the  point  where  the  coarse  conglomerate  is  visible. 

To  the  south  of  this  band  of  cherte  and  black  shale«>  two 
additional  exposures  of  the  black  shales  may  be  seen  on  the 
east  slope  of  Cardon  Law ;  one  at  the  head  of  a  small  guJly  on 
the  north-east  face  of  that  hill,  the  other  about  300  yards  fuiiiier 
to  the  south  at  a  height  of  1750  feet.  The  more  southerly  dis- 
plays alternations  of  black  shales  and  black  cherty  bands,  from 
which  have  been  obtained  Diplograpius  foliaceuSj  ClimacograpitLS 
bicomis,  IHceUograptus  Morrisi — evidently  belonging  to  the  Lower 
Hartfell  horizon. 

Excellent  sections  of  rusty  brown  Lowther  Shales  are  visible 
in  the  streams  that  drain  the  col  between  Cardon  Law  and 
Jjamb  Law,  also  in  the  burns  fonning  the  sources  of  the  Craig- 
hope  Bum,  east  of  Bowbeat  Hill. 

Gladhouse  Water  (Bowbeat  Shepherd's  House). — At  the 
south-western  end  of  the  Moorfoot  Hills,  near  the  ruins  of  Bow- 
beat shepherd's  cottage,  two  small  bums  from  east  and  west  join 
the  Gladhousie  Water,  which  flows  northward  into  the  South  £sk. 
In  the  eastern  stream  the  Arenig  cherts  and  black  shales  for  a 
distance  of  800  yards  are  repeated  by  folding.  At  the  very  head 
of  the  scar  the  width  of  the  exposure  of  chei*ts  and  black  shales 
is  66  yards,  the  cherts  being  repeated  about  fifteen  times.  The 
black  shales  are  succeeded  on  both  sides  by  the  gi'ey  sandy  shales 
and  greywackes.  The  black  shales  and  black  cneiiis  are  crushed, 
shattered,  and  much  veined  with  quartz ;  hence  fossils  are  diffi- 
cult to  obtain  from  them.  The  following  forms  were  collected 
from  these  strata :  Bvphgrapius  foliaceus,  Leptograptus  Jkuscidus, 
and  Climacograptus  bicomis. 

Similar  outcrops  of  cherts  and  black  shales  are  seen  in  the 
small  tributary  on  the  west  side  of  the  valley.  These  anticlines 
lie  much  in  tlie  same  line  of  strike  as,  and  are  probably  con- 
tinuous with,  the  bands  of  black  shale  at  the  head  of  the 
Leithen  Water,  which  can  be  traced  across  Bowbeat  Rig  by 
means  of  debris  underneath  the  peat. 
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Black  shales  and  clierts  ai-e  again  visible  in  two  small  bums 
close  to  the  county  boundary.  In  the  stream  that  drains  \he 
north  slope  of  the  Emly  Bank  (1980  feet)  three  isoclinal  folds 
of  the  Moftat  series  may  be  detected,  two  exposing  the  chei'ts  and 
black  shales  and  one  merely  the  black  shales.  In  one  of  the 
branches  of  the  burn,  draining  the  noiihem  slope  of  the  Bow- 
beat  Hill  (2049  feet),  there  is  a  good  exposure  of  the  chei'ts  and 
black  shales,  much  shattered.  Excellent  sections  of  the  brown 
shales,  which  overlie  the  Glenkiln-Hai-tfell  Shales,  also  occur  in 
these  streams. 

Basin  of  the  Ileriot  Waier. 

In  the  vaiious  streams  which  unite  to  form  the  Heriot  Water 
(in  the  north-east  comer  of  Sheet  24)  several  anticlines  reveal 
representatives  of  the  Moffat  Shales,  with,  in  some  instances, 
the  radiolarian  cherts,  accompanied  at  one  locality  by  vesiculai' 
lava.  The  tributary  streams  that  drain  the  watershed  of  tlie  Moor- 
foot  Hills  between  Mauldslie  Hill  and  Blackhope  Scar  display 
numerous  folds  of  the  black  shale  series,  which  unfortunately, 
however,  yield  few  fossils,  owing  to  the  shattered  condition  of  the 
strata. 

Blackhope  Water. — In  this  stream,  at  the  Blackhope 
Farmhouse,  and  for  a  short  distance  westwards,  grey  pebbly  grits 
appear,  like  the  Haggis  Rock.  Black  shales  are  seen  first  at  a 
point  about  400  yards  west  from  the  farmliouse,  and  in  the  next 
500  yards  there  are  six  anticlines  of  greatly  crushed  and  shattered 
black  shales,  from  which  no  fossils  have  been  obtained.  Dark  and 
black  cherts  are  associated  with  these  black  shales. 

Oil  the  west  side  of  a  small  tributaiy  of  the  Blackhope  Water, 
named  the  Femie  Syke,  thi*ee-quaii:ers  of  a  mile  south-west  of 
Blackhope  Farmhouse,  at  a  point  about  150  yards  up,  an  anticline 
of  much  shattered  black  shales,  seamed  with  veins  of  white  quartz, 
may  be  seen,  from  which  no  fossils  have  been  obtained. 

In  a  small  scar  (in  the  line  of  strike  of  the  outcrop  of  the 
cherts  and  black  shales  near  Bowbeat  in  the  Gladhouse  Water), 
at  the  head  of  one  of  the  tributaries  of  the  Blackhope  Water, 
the  cherts  and  black  shales  are  visible. 

Hope  Burn. — In  the  higher  reaches  of  this  bm-n  a  fine 
exposure  of  brown  micaceous  shales  with  pebbly  grits  occupies  the 
stream  for  a  long  distance.  At  a  point  about  a  mile  and  a  quarter 
up  stream  from  Garvald  Farmhouse  a  fine  development  of  black 
shales,  much  crushed  and  shattered,  afibrds  graptolites  in  fair 
preservation.  The  grey  cherts  are  not  visible,  but  black  cherts 
occur,  and  thin  seams  of  white  clay  are  intercalated  in  the  black 
shales.  The  following  foims  were  here  obtained :  Corynoides  • 
cabfcula/ris,  Diplograptus  foliaceuSf  ClimacograptuLS  cavdatus  (?), 
Clima>cogrwpttis  bieomis,  DiceUograptus  caduceus,  DiceUograptus  sp. 
On  the  south  side,  where  the  black  shales  are  brought  into  contact 
with  the  grey  and  brown  shales  by  means  of  a  fault,  the  grey  shales 
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bound  the  black  shales  on  the  north  (Fig.  63).     In  this  exposure 
there  must  be  several  folds  of  the  black  shales. 
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Fig.  63.— Plan  of  Strata,  Hope  Bum,  Heriot  Water. 

]  B.  Arenig  lavas.     C.  Badiolarian  chert.     21.  Glenkiln  Shales.     3U.  Hartfell 
Shales.     3.  Greywacke  and  shale  (Caradoc).     f .  Fault. 

Down  the  stream  gi'ey  shales  appear  for  a  few  yards  to  the  north 
of  the  band  of  black  shales. 

About  100  yards  to  the  E.N.E.  of  the  last  exposure  of  black 
shales,  a  gully,  which  indents  the  east  side  of  the  Hope  Bum,  and 
the  lower  part  of  which  is  occupied  by  a  cone  of  debris,  displays  an 
arch  of  cherts  and  black  shales,  followed  by  decomposing  brown- 
weathering  shales  and  greywackes.  A  few  yards  up  from  this 
point  a  very  small  arch  of  black  shales  may  be  observed  with  the 
greywackes  folding  over  them  (Fig.  63).  From  that  point  upwards, 
the  north  wall  of  the  gully  is  occupied  by  grey  shales  and  grey- 
wackes almost  to  the  head  of  the  scar,  while  m  the  bottom  of  the 
gully  cherts  and  black  shales,  too  much  crushed  to  yield  fossils,  are 
laid  bare.     Near  the  head,  the  gully  forks;  and  just  below  the 
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Fig.  64. — Section  at  Head  of  Gully,  West  Slope  of  Garvald  Law,  Hope  Bum, 

Heriot  Water,  along  line  marked  in  Fig.  63. 
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branching  a  very  small  exposure  of  highly  vesicular  lava,  much 
decomposed,  occurs  with  the  cherts.  Here  both  the  cherts  and  the 
lava  are  truncated  by  a  fault  which  runs  nearly  east  and  west,  with 
a  hade  towards  the  north,  and  therefore  a  reversed  fault  (Figs.  63 
and  64).  Above  the  fork,  in  the  main  gully,  a  second  small 
exposure  of  the  vesicular  lava  is  associated  with  the  cherts,  and 
truncated  in  like  manner  by  the  fault.  The  beds  on  the  south  side 
of  the  fault  consist  of  brown  greywackes  and  shales  (3  in  Figs.  63 
and  64). 

At  the  road-side  between  Edinburgh  and  Innerleithen,  on  the 
watershed  of  the  Moorfoots,  good  section  shows  the  rapid  redupli- 
cation of  the  Arenig  cherts  and  overlying  sediments,  which  have  a 
general  dip  to  the  south-east  at  40*^.  At  the  south  end,  the 
radiolarian  cherts  are  seen  on  two  compound  folds  on  both  sides  of 
the  road,  the  mudstones  and  shales  folding  over  the  cherts.  These 
mudstones,  which  are  violently  puckered,  contain  some  of  the 
strains  of  black  shales  with  fragments  of  graptolites.  They  are 
followed  by  black  shales — from  ten  inches  to  a  foot  thick — with 
Diplogrwptus  foliaceus  in  abundance,  and  Lcmogra/ptus  ma/rga/riiatus. 
These  shales  are  in  turn  succeeded  by  greywackes  and  pebbly  grits, 
with  lenticular  patches  and  seams  of  black  shale  with  IHceUograptus, 
followed  by  dark  micaceous  and  grey  shales.  The  whole  section 
is  probably  not  longer  than  100  yards.  The  radiolarian  cherts  here 
present  their  normal  characters,  the  Glenkiln  horizon  is  represented 
probably  by  the  mudstones  and  dark  strains,  while  the  overlying 
black  shales  and  sediments  may  belong  to  the  Hartfell  horizon. 

Garvald  Farmhouse. — ^In  a  small  bum  which  joins  the 
Blackhope  Bum  due  east  of  Garvald  Farmhouse,  several  folds  of  the 
Moffat  black  shales  may  be  examined.  About  200  yards  up  fi^m 
the  road  a  scar  shows  a  good  exposure  of  the  cherts  and  overlying 
black  shales,  the  cherts  being  associated  with  brown  decomposed 
shales,  containing  at  one  point  a  thin  dark  or  black  seam.  On  the 
south  side  the  yellow  cherts  and  mudstones  are  succeeded  by 
shattery  black  shales  and  black  cherts,  followed  by  grey  shales.  On 
the  north  side,  a  black  shale  band  likewise  occurs.  It  is  visible  in 
a  small  exposure,  and  is  followed  by  grey  shales.  Further  down 
the  stream,  the  black  shales  are  met  with  on  separate  folds  overlain 
bv  pnrev  shalef*. 

About  200  yards  north  of  the  mouth  of  this  bum,  the  radio- 
larian cherts  are  visible,  followed  by  the  black  shales,  and  further 
north  by  a  succession  of  greywackes  and  shales ;  but  on  the  south  side 
of  the  radiolarian  cherts,  in  the  intervening  space  towards  the 
mouth  of  the  bum,  several  small  exposures  of  the  black  shales 
indicate  the  rapid  reduplication  of  the  strata — a  feature  which  is 
farther  illustrated  by  the  puckering  of  the  black  shale  bands. 

Eastwards,  in  the  direction  of  the  mouth  of  the  Crookmill 
Bum,  the  black  shales  may  be  seen  at  intervals  on  different 
anticlines. 

At  the  northern  edge  of  the  alluvium  of  the  Heriot  Water 
north  of  Little  Dod,  the  radiolarian  cherts  are  visible  together  with 
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the  black  shales.  On  the  farther  side  of  the  Carcant  Bum,  a  series 
of  folds  reveals  the  black  shales,  and  in  some  instances  the  radio- 
larian  cherts.  The  most  noitherly  anticline  of  the  black  shales 
is  associated  with  a  felstone  dyke  which  has  been  traced  for  a 
considerable  distance  to  the  north-east. 

Baeshaw  Wood,  Lady  side. — ^The  sediments  which  ovei^ 
lie  the  black  shales  in  this  part  of  the  basin  of  the  Heriot  Water 
consist  mainly  of  greenish  grey  sandy  shales,  weathering  brown 
and  yellow,  associated  with  thin  greywacke  bands  and  occasional 
pebbly  grits.  The  occurrence  of  these  grits  is  perhaps  the  most 
interesting  feature  of  the  series.  An  excellent  exposure  of  them 
has  been  laid  open  in  a  quarry  at  the  road-side  below  Baeshaw 
Wood,  on  the  north  side  of  Heriot  Water  above  the  junction  of 
Ladyside  Bum.  Here  they  contain  numerous  pieces  of  black  shale 
yielding  fragments  of  graptolites,  »of  which  the  following  species 
were  identified  during  a  recent  visit  to  the  quarry :  GlinuLCO- 
graptus  Schdrenhergi,  0.  biconiis,  CryptograpttLS  tricomiSy  THceUo- 
graptvs,  Biiymogra/ptus  superstes.  This  grit,  which  points  to  local 
elevation  and  erosion  of  the  cherts  and  black  shales,  closely 
resembles  the  brecciated  grit  associated  with  the  fossiliferous  lime- 
stone of  Wrae  and  Glencotho  ;  it  is  abundantly  charged  with  small 
rounded  quartz  pebbles  and  occasional  chert  fragments. 

Further  down  the  valley  of  the  Heriot  Water,  opposite  the  mouth 
of  Ladyside  Bum,  the  pebbly  grit  or  conglomerate  becomes  coarser, 
and  contains  pebbles  of  a  grey  micaceous  granitoid  rock.  In  a 
quarry  at  the  road-side  the  following  graptolites  were  obtained 
from  fragments  of  black  shale  in  this  bed ;  JHplograpius  ewglyphus, 
ClirruicograpttLS  Schdreribergi,  G.  hicomis,  Cryptogra/pitLS  tricomis, 
Bicellograpttis,  A  similar  band  of  pebbly  grit  or  fine  conglomerate 
is  exposed  near  the  black  shales  on  the  Heriot  Water  opposite  the 
farmhouse  of  Little  Dod. 

Gala  Water. 

Among  the  head-waters  of  the  Gala,  several  exposures 
of  the  Moffikt  series  may  be  observed,  but  few  of  import- 
ance. At  the  extreme  north-west  comer  of  Sheet  25  of  the 
Survey  Map,  some  of  these  outcrops  are  recognisable  merely  by 
their  debris  on  the  surface.  They  occur  on  the  cultivated 
ground  west  of  Sandyknowe,  and  again  to  the  north-east  of 
Hangingshaw,  on  the  crest  of  Hangingshaw  Hill,  and  near  the 
county  boundary  at  the  northern  edge  of  Sheet  25.  The  black 
shale  debris  is  sometimes  associated  with  cherts,  both  zones 
occurring  in  the  midst  of  red-crusted  greywackes,  grits,  and 
Cfreenish  shales. 

Corsehop  e. — About  a  mile  and  a  half  to  the  south  of  Heriot 
Station,  on  the  west  side  of  the  valley  of  the  Gala  Water,  and 
about  250  yards  to  the  south  of  the  Corsehope  Bum,  red  jasper  and 
cherts  with  radiolaria  are  well  displayed.  Grey  mudstones  are 
associated  with  the  cherts  and  jaspers,  which  yield  a  doubtful  shell. 
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Not  improbably  these  mndstones  may  be  the  equivalents  of  the 
shelly  mudstones  of  Arenip^  agre  in  the  Abinerton  district.  Debris 
of  flinty  black  shales  met  with  to  the  north  on  the  ridp^e  yielded 
the  following  fossils :  Biploqrapttt^  foli/t'Ceus,  Cryptograpttts  tricornis, 
DiceUofpraptus  sextans,  Viplofprapius  evrjlyphus,  Clirmcograjptus 
Sehdrenhergi,  C.  hicomis. 

A^in,  to  the  east  of  the  valley,  on  the  mossy  ground  between 
the  Armet  Water  and  the  tributaries  of  the  Leader,  debris  of  chert 
and  much  crushed  and  shattered  black  shales  may  be  found.  These 
local  accumulations  of  detritus  doubtless  indicate  the  positions  of 
separate  anticlines,  for  they  appear  on  different  lines  of  strike,  and 
the  materials  cannot  be  traced  for  any  distance.  The  sediments 
above  these  black  shales  consist  of  grits,  greywackes,  and  shales. 
Among  them  one  prominent  band  of  conglomerate  of  special 
interest  has  been  traced  from  the  county  boundary  near  the  Armet 
Water,  by  the  Clint«  Farmhouse  and  Hartside,  to  a  point  about 
half  a  mile  north  of  Channelkirk,  where  it  passes  into  Sheet  33  of 
the  Survey  Map.  This  conglomerate  runs  parallel  with  another  still 
farther  south,  of  a  slightly  different  character.  The  former  is 
regarded  as  forming  part  of  the  Caradoc  formation,  while  the  latter 
is  manped  with  the  Llandoverv  series.  The  litholosrioal  characters 
of  this  Caradoc  conglomerate  will  be  described  presently  in  con- 
nection with  the  exposures  of  this  rock  in  the  quarries  at  New 
Channelkirk. 

Bdsin  of  the  Leader  Water. 

m 

Still  further  to  the  north-east,  in  the  basin  of  the  Leader 
Water,  evidence  occurs  of  the  existence  of  the  Pleurograptus 
linearis  zone  in  certain  outcrops  of  the  Moffat  Shales,  as  pre- 
viously recorded  by  Professor  Lapworth, 

About  a  mile  to  the  north  of  New  Channelkirk  (Sheet  33)  the 
Headshaw  Bum  is  joined  by  the  Windycleuch  Bum,  which, 
opposite  a  bend  in  the  road,  exposes  thin  platy  black  shales 
including  thin  worm-piped  barren  ribs  with  black  shale  partings. 
Fit>m  the  shales  the  following  fossils  were  obtained : 

DiceUograpttu  sp.  I    Climacograptvs  hicomis  (Hall.) 

Corynoides  eurtus  (Lapw. )  '    DipUxfraptus  foliaceut  (Murch. ) 

sp.  Reticiites  sp. 

Above  this  outcrop  the  fossiliferous  black  shales  graduate 
upwards  into  flaggy  shales  with  dark  seams,  followed  by  grits  and 
mudstones  all  much  reddened.  Below  it  a  blank  occurs  in  the 
section,  till,  at  a  point  70  yards  above  the  culvert,  the  grey 
worm-piped  ribs  with  black  shale  partings  are  again  laid  bare 
and  contain  Diplograptus  foliaceus,  CUma/iograptus  bicomiSf  and 
Corynaides. 

Headshaw  Burn  (Head  of  Lauderdale) . — Important  evi- 
dence 18  obtained  in  this  stream  to  show  the  relation  of  the 
Hartfell  black  shales  to  the  overlying  sediments.     Above  the 
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point  of  junction  with  the  Windycleuch,  a  snocession  of  grits, 
greywackes,  fla^,  and  shales,  all  much  reddened  and  repeated 
by  folding,  may  be  traced  up  the  stream.  Between,  the  foot  of  the 
Windycleuch  and  the  foot  of  the  second  small  tributary  of  the 
Headshaw  from  the  north,  two  arches  bring  up  representatives 
of  the  Hartfell  beds.  The  one  further  down  the  stream  only 
reveals  the  higher  sandy  bands  with  thin  leaf-like  dark  seams, 
the  other,  about  500  yards  up  from  the  foot  of  the  Windycleuch, 
near  the  junction  with  a  second  stream  from  the  north,  shows 
alternations  of  thin  hard  flinty  ribs  with  black  shale  partings. 
The  black  seams  have  yielded  Diplograptus  foliaceus  and  CUma- 
cograptus.  Further  up  the  stream,  jointed  grits  and  shales 
appear,  and  at  a  point  700  yards  from  the  foot  of  Windycleuch, 
much  crushed  black  shales  seen  on  the  north  bank  contain 
Climacograptus,  Diplogravtus  foliaceus,  and  Corynoides.  From 
this  point  upwards  for  a  distance  of  100  yards  in  an  almost  con- 
tinuous section,  grey  sandy  ribs  alternate  with  black  shale  seams. 
At  a  point  about  800  yards  from  the  foot  of  Windycleuch,  the 
bands  occurring  on  the  south  side  of  the  stream  yield  Pleura- 
graptus  linearis,  dip  to  the  south,  and  display  certain  distinctive 
characters,  for  they  here  consist  of  alternations  of  grey  sandy 
siliceous  ribs  with  black  vshale  partings  from  an  eighth  to  an  inch 
thick.  From  these  partings  the  following  fossils  have  been 
obtained : 


Plewrograptus  linearis  (Carr.)  I   Dicelloffraptus  sp. 

Glimacograptus  hicomis  (Hall.)  '    Eetiolttes  sp. 

Diplographu  foliaceus  (Murch . )  Goiynoides  calyculairis  (Nich. ) 

Higher  in  the  valley  these  beds  pass  outwards  into  more  sandy 
bands  with  dark  strains,  which  are  succeeded  by  stained  grits 
and  shales.  Where  the  bum  takes  a  bend  to  me  north,  and 
where  a  stone  fence  crosses  the  stream,  the  Hartfell  Shales  are 
repeated  along  another  arch  composed  of  two  minor  ccnnpound 
folds,  the  more  northerly  of  which  has  afforded  the  following 
forms: 


Pleurograptus  linearis  (Carr.) 
Diplograptus  folia/ieus  (Murch.) 
Olimacograptus  hicomis  (Hall.) 


Cnrynoides  calyeularis  (Nich.) 
DiceUograptus  sp. 


Reddened  shales  intervene  between  these  two  folds,  while  for 
a  further  distance  of  400  yards  up  stream  an  alternation  of  grits, 
flags,  and  shales  contains  three  exposures  of  the  higher  bands  of 
the  Hartfell  black  shales,  which  consist  of  the  sandy  bands 
separated  by  the  dark  seams. 

In  the  Headshaw  Burn  below  the  foot  of  Windycleuch,  red- 
dened grits  and  shales  dip  at  high  angles  and  are  repeated  by  folds. 
At  a  point  about  800  ys^s  down  the  stream,  black  shales,  much 
crushed  and  veined  with  quartz  and  carbonate  of  lime,  appear 
on  the  west  bank,  followed  on  the  south  side  by  the  grey 
radiolarian  cherts. 
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On    the    slope   of   the   hill   to   the   east,    blax)k   shales   with 
radiolarian  cherts  in  the  centre  are  traceable  on  the  surface  by 
means  of  debris.     Grey  shales  appear  on  the  south  side  of  thia 
exposure,   followed  by  grit.       Southwards,   beyond  a  constant 
repetition  of  shales  (Ijoi^her  type)  by  folding,  tne  large  quarries 
on  the  hill  slopes  E.N.E.  of  New  Channelkirk  Farmhouse  have 
been  opened  along  a  band  of  conglomerate  and  grit.     The  con- 
glomerate, only  a  few  feet   thick,  forms  a  ruljre   in  the   quarry, 
bounded  north  and  south  by  a  coarse  grit  which  has  been  ex- 
cavated as  building  stone  for  dykes.     The  conglomerate  is  some- 
what peculiar  in  character,  the  matrix  being  a  grit  in  which 
small   fragments  of  chert,   black   shale,   grey  shale,   abundant 
quartz  grains,   &c.,  occur.     In  fi*esh  fracture  the  rock  has  a 
greenish  tint.     Perhaps  its  most  notable  feature  is  the  occurrence 
in  it  of  lenticular  masses  of  grey  shale,  which  are  bent  and  folded 
with  the  conglomerate,  and,  so  far,  have  yielded  no  fossils.     The 
black   shale  fra^fments,   however,   furnish  specimens  of  CZtmoco- 
graptus       caudatus      in      excellent      preservation,     Bvphgra'pius 
foliaceus,     Corynoides,     Dtceliograptus.       The    blocks    containing 
these   fonns  must  have   been   derived   from  the   Climacogra*ptu8 
caudatus  zone.     Another  piece  of  black  shale,  probably  from  the 
Glenkiln  horizon,  was  found  to  contain    GlirruicogTapfus  coelatus, 
Diplograpius    foliaceus^     Olossograptus     HiTichsi,     Clima^ograptvs 
ScMrenbergi.       Numerous     arms     of    Dicelhgraptus     were     also 
found   on  another  slab.     Several   pebbles  have  likewise  been 
recorded,  one  of  gabbro  and  others  of  fine-grained  felsitic  rock 
with  porphyritic  felspars,  the  latter  being  well  rounded,  and 
averaging  from  three  to  four  inches  across.     On  the  north  side 
of  the  quarry,  the  junction  between  the  shales  and  the  grit  is 
visible.     It  is  obvious  that  this  conglomerate  points   to  local 
elevation  and  erosion  of  the  Arenig  volcanic  rocks,  radiolarian 
chert,  black  shales,  and  other  sediments.     Northwards  the  beds 
consist  of  grey  shales  or  mudstones,  containing  small  flattened 
nodules  of  limestone,  which  differ  in  character  from  the  lime- 
stone of  Wrae  and  Winkston. 

Kelphope  Burn. — ^In  this  sti*eam,  which  drains  the 
heights  near  Lammer  Law,  grey  sandy  shales  are  visible  at  the 
shepherd's  house  of  Kelphope,  and  about  half  a  mile  further 
south,  coarse  pebbly  grit  is  well  displaced  in  the  bed  of  the 
bum  and  on  the  hill  slope  (Sheet  33).     This  band  is  the  eastern 

NW  .se: 


Fio.  66. — Section  in  a  Tributary  of  Kelphope  Bum,  Head  of  Lauderdale. 

C.  Radiolarian  chert.     2L  Glenkiln  Shales.     311.  Hartfell  Shales.     3.  Grey- 

wacke  and  shale  (Caradoc).     f .  Fault. 
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prolongation  of  the  conglomerate  at  New  Channelkirk ;  though 
nere  not  so  coarse,  its  included  fragments  are  similar,  and  it  is 
embedded  in  shales. 

An  interesting  section  of  the  Olenkiln  black  shales  may  be 
seen  in  a  tributary  of  the  Kelphcme  Bum  which  joins  the  main 
stream  from  the  west,  about  naif  a  mile  north  rrom  Kelphope 
shepherd's  house.  About  600  yards  up  this  tributary,  after 
passing  grey  shales,  the  observer  encounters  a  small  exposure 
of  flinty  black  shales  on  the  east  bank,  from  which  the  following 
forms  liave  been  collected  (2\  Fig.  65) : 

Didipnograptua  auperstea  (Lapw.)  •   LasiograpUis  HtMicraruUua  (Nich.) 

Cctnograptua  gracilis  (Hall.)  Olimacograptua  hicomis  (HflJl.) 


pertenuis  (lAfw.)  „             ccekUus  var,  antiqwu 

Dieellograptus  sextans  (HaU. )  (Lapw. ) 

„             moffaiensis  (Carr.)  „             Sch&renhergi  (Lapw.) 

Cflossograptus  Hincksi  (H.opk,)  IXcranograptus  ramosus  (HaXL) 

Diplograptus foliaceus  (Murch.)  j    Oryptograptus  trieomis  (Carr.) 

The  specimens  of  D,  superstes  are  especially  abundant  and 
well  preserved. 

W  E 


.•'3n  "'^wr 
21    ^ 

Fio.  06. — Section  in  Eelphope  Bum,  700  yards  north  of  **  Friar's  Nose," 

Head  of  Laudexdale. 

C.  Radiolarian  chert.     21*  Glenkiln  Shales.     311-  Lower  Hartfell  Shales. 
311a.  p.  linearis-zone.    3.  Greywacke  and  shale  (Caradoc). . 

A  few  yards  further  up  the  stream,  on  the  same  bank,  a  small 

exposure  of  black  shales  has  furnished  specimens  of  Climaeo- 

graptus  caudaius  in  fine  preservation,  together  with  Diplograptvs 

foliaceus  and   Corynoides  in    the   same   seam,  belonging  to  the 

Lower  Hartfell  group  (3",  Pig.  65). 

On  the  opposite  bank,  the  black  shales  have  afforded  Diplo- 
graptus foliaceus,  Corynoides  calycidaris,  and  fragments  of 
Climacograptus.  Grey  barren  shales  succeed,  which  are  trun- 
cated by  a  fault,  followed  by  much  smashed  black  shales  veined 
with  quartz.  About  ten  yards  farther  up  some  black  shales  have 
yielded : 

Glossograptus  Hincksi  (Hopk.)  ,    Oryptograptus  trieomis  (Carr. 


(Mmdcograptus  hicomis  (Hall.)  Dtcrano^raptua  ra/mosfos  (Hall.^ 

pdtifer  (Lapw.)  Diplograptus  foliaceus  (Murch.) 

S^lidrevAergi  (Lapw. )   ! 


»» 
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These  shales  are  succeeded  by  grey  shales  with  dark  strains, 
aad  after  a  blank  in  the  section,  black  ^ales  with  the  ffrey 
cherts  occur,  while  in  a  side  rivulet,  which  join^  the  Kelphope 
Bum  from  the  west,  the  black  shales  again  appear. 

Friar's  Nose,  Lammer-Law  Burn. — At  the  Friar's 
Nose,  where  the  Eelphope  Bum  bifurcates,  its  north-east  branch, 
named  Lammer-Law  Bum,  furnishes  evidence  of  the  existence 
of  the  Pleurograptus  linearis  zone  in  the  Moffat  Shales.  Grey- 
wackes  and  shales  appear  at  intervals  in  the  stream  as  far  as  a 
point  about  700  yards  north  from  the  Fiiar's  Nose  (Fig.  66),  where 
a  fine  exposure  of  black  platy  shales  runs  along  me  banks  of 
the  stream  for  a  distance  of  upwards  of  100  yards.  On  the 
north-west  bank,  and  within  two  or  three  feet  of  the  grey  shales, 
the  following  assemblage  of  fossils  characteristic  of  the  highest 
zones  of  the  Hartf  ell  black  shales  was  obtained : 


Lq>tograptus  JUuicid/us  (Hall.) 

,,  capiUaris  (Carr.) 

Diplograptus  foliaeetu  (Murch. ) 

,,  qwidrinmcronaius 

tHall.)    '   Pleurograptus  linea/ris  (Carr.) 
DieeUograptus  Forchhammeri  (Gein.)    !    Olimacograptua  sp. 


Dicellograptus  elegant  (Carr.) 

pumHus  (Lapw. ) 
, ,  Morrisi  (Hopk. ) 

Neurograptus  Jibratus  (Lapw.) 


A  peculiar  feature  of  this  section  is  the  abundance  of  Lepto- 
graptida  in  certain  seams  close  to  the  grey  shales. 

On  the  south-east  bank,  a  few  yards  further  up,  Clima- 
cograptuSf  Biplograpius  foliaceus,  arms  of  Dicellograptus  and 
Dtcranograptus  have  been  found. 

In  a  small  tributary  which  drains  the  Bed  Scar  Big,  black 
shales  appear  with  grey  cherts  pierced  by  a  dyke.  A  few  yards 
above  its  foot    Climacograptus  bicomis  occurs   in   dark  seams   in 

grey    shales.      Again,    the   north    branch   of    the    Lammer-Law 
urn  lays  bare  stained  grey  flints,  and  the  south  branch,  black 
shales  and  black  flints. 

Having  described  the  various  exposures  of  the  Moffat  series 
which  lie  to  the  north  of  the  centrsd  Llandovery  and  Tarannon 
area,  on  the  southern  slopes  of  the  extreme  western  end  of  the 
Lammermuir  Hills,  we  will  now  proceed  to  indicate  certain  out- 
crops  on  the  northern  declivity  of  that  chain. 

Lammermuir  Hills, 

Soutra  Hill, — In  the  Brothershiels  Bum,  at  the  south- 
west margin  of  Sheet  33,  one-inch,  and  along  the  crest  of  Soutra 
Hill,  two  bands  of  dark  or  black  shales  are  associated  with  grey- 
wackes  and  shales.  About  half  a  mile  to  the  south  of  these 
outcrops  the  Arenig  cherts  and  black  shales  are  again  visible 
near  the  sources  of  the  Armet  Water,  in  rivulets  upwards  of  200 
yards  Fi.N.E.  of  Qilston  Peel. 

Lammer  Law  (1733  feet). — ^The  radiolarian  cherts  and 
black  shales  rise  on  two  anticlinal  folds  at  the  head  of  the  East 
Bum — a  tributary  of  the  Bims  Water.     In  the  outcrop  on  the 
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east  eide  of  the  coomb-shaped  hollow  at  the  head  of  this  tributaiy 
the  strata  are  much  shattered  aad  veiaed  with  quartz.  These 
Moffat  Shales  are  here  associated  with  decomposing  brown,  sandy 
shales  of  the  Lowther  type,  with  occasional  bands  of  grit. 

Again,  on  the  scar  at  the  head  of  the  western  tributary  of  the 
Kidlaw  Bum,  on  the  north-west  slope  of  the  Lammer  Law,  Ueck 
shales  appear,  with  a  strike  to  north  and  south,  and  in  one 
instance  to  N.N.W.  and  S.S.E.  These  strata  form  small  arches 
surrounded  by  brown  decomposing  shales.  They  have  as  yet 
furnished  no  fossils.  Some  of  these  black  shale  outcrops  may 
belong  to  the  same  system  of  folds  as  those  already  described  in 
the  tnbutaries  of  the  Kelphope  Water,  though  the  beds  cannot 
be  traced  continuously  between  the  two  areas.  At  least  one  of 
the  black  shale  bands  on  the  south  slope  of  the  Lammer  Law 
appears  to  be  traceable  by  means  of  debris  across  the  moory 
watershed  at  the  head  of  the  Hope's  Water,  where  the  Arenig 
cherts  and  black  shales  appear  in  a  crushed  and  shattered  con- 
dition among  brown  sandy  shales,  pierced  by  dykes  of  acid 
igneous  rock.  The  chief  point  of  interest  in  the  Hope's  Water 
section  is  the  remarkable  system  of  folding,  for  although  the 
black  shales  are  exposed  at  a  great  height  on  the  slope,  they 
rapidly  disappear  under  brown  sandy  shales,  owing  to  the  pitch 
of  the  folds  being  steeper  than  the  declivity  of  the  ground. 

That  these  sandy  shales  in  all  probability  represent,  in  part  at 
least,  the  Barren  Mudstones  of  the  Moffat  region  is  rendered 
highly  probable,  if  not  certain,  by  the  fact  that,  in  the  Blinkie 
Bum — ^which  rises  from  the  north  side  of  Lammer  Law — one  of 
the  black  shale  bands  has  yielded  graptolites  which  elsewhere  are 
associates  of  Pleurograptus  linearis.  Here,  near  the  source  of 
the  stream,  in  an  exposure  of  black  sandy  shales  overlain  bv 
grits  and  brown  sandy  shales,  the  following  among  other  forma 
were  collected :  Diphgraptus  quadrimucronatuSy  Diplogra/ptus 
foliaceits,  DiceHograpttis  elegans,  Corynoides  calycuUms,  IVom 
its  lithological  characters  and  included  fossils,  this  band  is  pro- 
bably identical  with  the  Pleurograptus  linearis  zone  of  the 
Friar's  Nose. 

Further  down  the  same  stream,  the  Moffat  series  appears  twice 
about  half  a  mile  to  the  S.S.E.  of  the  Castles.  The  dark  flintv 
bands  are  the  lowest  beds  visible  in  the  upper  exposure,  while 
the  Arenig  cherts  are  seen  in  the  lower.  The  black  shales  asso- 
ciated with  the  latter  contain  Lasiograptus  himueronatus  and 
Climacograptus  bicomis.  Here  the  strata  are  much  redden<5d 
owing  to  the  proximity  of  the  Upper  Old  Red  Sandstones  and 
conglomerates.  The  general  dip  of  all  the  Silurian  strata  in 
this  portion  of  the  Lammermuir  chain  is  towards  the  west  or 
W.N.W.,  and  hence  the  same  beds  must  be  constantly  repeated 
by  isoclinal  folds. 

Pap  ana  Water. — Further  to  the  north-east,  in  that 
portion  of  the  Lammermuirs  drained  by  the  streams  south  of  the 
village  of  Garvald,  evidence  is  obtainable  of  the  occurrence  uf 
the  Arenig  cherts  and  Glenkiln  black  shales.     By  far  the  best 
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section  of  these  zones  is  to  be  found  in  Papana  Water,  about  two 
miles  south  of  the  village  of  Garvald  (Fig.  67).  In  this  stream, 
above  the  point  where  it  is  crossed  by  the  fault  that  brings  the 
Upper  Old  Bed  Sandstone  in  contact  with  the  Silurian  rocks, 
shattered  and  reddened  greywackes  and  shales  extend  for  a  dis- 
tance of  about  100  yards.  These  are  followed  by  a  band  of  coarse 
conglomerate  which  forms  a  waterfall.  This  rock  contains  well- 
rounded  pebbles  of  greywacke,  grey  quartzite  like  that  of 
the  Perthshire  Highlands,  granite,  and  grey  cherts,  with  frag- 
ments of  grey  and  black  shale.  From  the  last  named,  specimens 
of  Clirruieograptus  were  obtained.  Southwards  the  conglomerate 
is  followed  by  grey  shales,  with  a  band  of  black  shale  which 
contains  Dipiograptus  foliaceus.  For  the  next  150  yards  there 
is  a  constant  repetition  of  black  shales,  grey  shales,  and  two 
bands  of  radiolarian  cherts;  the  beds  being  much  shattered, 
folded,  and  traversed  by  faults.     Still  further  south,  grey  mud- 

N    - 


Fio.  67. — Section,  Papana  Water,  two  miles  south  of  Garvald. 

C.  Radiolarian  chert.  21-  Glenkiln  Shales.  8U.  Lower  Hartfell  Shales. 
3.  Shale  (Caradoc).  Co.  Conglomerate  (Caradoc).  C3.  Upper  Old  Red 
Sandstone,     f.  Fault. 


stones  succeed,  and  are  followed  by  black  shales  with  seams  of 
grey  shales,  visible  in  the  bed  of  the  stream  for  a  distance  of 
40  yards.  At  the  southern  limit  of  this  broad  mass  of  black 
shales  the  radiolarian  cherts  reappear,  truncated  on  the  south 
side  by  a  reversed  fault  which  brings  them  in  contact  with  grey- 
wackes and  shales,  and  followed  on  the  north  side  apparently  m 
normal  order  by  black  shales,  enclosing  DidymograptiLs  svpersteSt 
DiplograpttLS  foliaceus,  and  Climacograptus.  From  another  point 
in  the  same  broad  mass  of  black  shales  the  following  typical  list 
of  Glenkiln  fossils  was  collected : 


Climacograptus  Schdrenbergi  fLapw.) 
IHcranograptua  ramoaus  (Hall.) 
DiceUograptua  sextans  (Hall.) 

, ,  patvlosua  (Lapw. ) 

Dipiograptus  eualyphua  (Lapw.) 

„  foliaceus  (Murch.) 

Laaiograptus  hiimicronat/as  (Nich.) 
Oryptograptas  tricomis  (Carr.) 
Ducina  rortlocki  (Gein.) 

It  is  probable  that  the  Lowar  Hartfell  black  shales  are  also 
represented  in  this  section,  though  too  much  crushed  to  yield 


DidymograpUis  wperstes  (Lapw.) 
Ooenograptys  pertenuis  (Lapw.) 
„  surexdaris  (Lapw.) 

,,  gracilis  (Hall.) 

Thamnograpttu  tiffms  (Hall.) 

„  seotieus  (Lapw.) 

OUmacograptus  codaius  var.  antiqu/us 

(Lapw.) 
„  Incomu  (Hall.) 


278  Tlie  SUurian  Rocks  of  Scotland. 

For  the  next  300  yards,  beyond  an  exposure  of  shattered 
grits  near  the  black  shales,  the  strata  consist  of  grey  and  brown 
sandy  shales  repeated  by  constant  folds.  At  a  point  where  the 
stream  divides,  black  flinty  shales  occur,  from  which  no  fossils 
were  collected  owing  to  their  shattered  condition.  Grey  shales  of 
the  Lowther  type  again  succeed,  and  are  traceable  southwards 
for  a  distance  of  500  yards.  Here  grey  grits  supervene,  which 
are  provisionally  regarded  as  marking  the  northern  base  line  of 
the  Llandovery  Hocks,  while  the  grey  and  brown  shales  are 
viewed  as  the  equivalents  of  the  Barren  Mudstones  of  Moffat. 

Proceeding  eastwards,  the  observer  finds  several  folds  of  the 
Moffat  black  shales  and  Arenig  cherts  in  a  tributary  of  the 
Papana  Water  about  half  a  mile  to  the  east.  One  exposure 
yielded  the  following  Glenkiln  assemblage : 

Didymogntpttu  auperstea  (Lapw.)  Cltm4icograptu8  bicomia  (Hall.) 

OoBnoffraptus  gracUis  (HjAI.)  \    Cryptogmptua  tricornis  (Carr.) 


LasiograpiAM  bimucronatus  (Nich.) 
Dicranograptus  ramosus  (Hall.) 
Chrynoidea  eurtus  (Ijapw.) 
Climacograptus  ccdatus  var.  antiqwua 

(Liapw.) 


LHcellograptus  sextans  (Hall.) 

, ,  moffatensis  (Carr. ) 

Discina  PorUocki  (Gein.) 


Thorter  Burn  (near  Garvald . — This  stream  furnishes 
evidence  of  the  easterly  prolongations  of  the  folds  of  the  Moffat 
series.  For  nearly  600  yards  south  of  the  fault  between  the 
Upper  Old  Bed  Sandstone  and  the  Silurian  region,  the 
iTocks  exposed  in  the  Thorter  Bum  consist  of  crushed  dark  and 
grey  shales  and  gritty  greywackes ;  the  latter  being  in  places 
conglomeratic.  Just  above  the  point  where  the  bum  bends  at 
a  ri^ht  angle,  flinty  black  shales  occur,  too  much  shattered  to 
yield  fossils ;  these  are  followed  by  jointed  grits  and  shales  for  a 
distance  of  150  yards,  where  they  are  in  turn  succeeded  by 
crushed  black  flinty  shales  affording  specimens  of  Diplograptus 
foliacevLS,  Climacograptus  bicornis,  Cryptograptus  tricornis^  DiceUo- 
graptus.  Next  come  grey  mudstones  with  dark  seams  like 
the  Baitren  Mudstones  of  the  Moffat  region;  but  soon  grits 
appear  which  dip  to  the  N.N.W.  at  37*",  and  form  a  series  of 
cascades.  These  are  followed  by  a  development  of  black  shales 
that  occupy  the  stream  for  a  distance  of  fifteen  yards,  and  are 
traversed  by  numerous  dykes  of  acid  igneous  rocks.  At  one 
point  on  the  east  bank,  the  following  fossils  occur  in  thin  black 
shale  partings  between  the  black  flinty  ribs,  the  grapto- 
lites  and  shells  being  in  fine  preservation  :  Lasiograptus  bimucronor 
tiiSf  D.foliacevLS,  D.  euglyphus,  DiceUograptus,  Climacograptus  Uconiis, 
D.  perexcavatuSy  Corynoides  caJyculariSf  Bischia  Portlocki,  Acrotreta 
Nicholsoni,  These  black  shales  are  immediately  followed  by 
greywackes,  and  then  by  a  broad  belt  of  grey  sandy  shales  of  the 
Lowther  type,  which  are  admirably  exposed  on  the  banks  of  the 
stream.  The  general  dip  of  the  strata  in  the  Thorter  Bum  is 
towards  the  N.N.W.,  so  that  the  strata  must  here  again  be 
isoclinally  folded. 


7%e  Northern  Seli — Arenig^  Idandeilo,  Caradoc  Bocks,       279 

Sauchet  Water,  South  of  Stenton. — The  remaia- 
ing  outcrops  of  the  Mofiat  Shales  on  the  northern  slopes  of  the 
Lammermuirs  are  to  be  found  in  tributaries  of  the  Sauchet 
Water,  about  a  mile  and  a  half  south  of  Stenton.  Small  ex- 
posures of  black  shales  with  black  flinty  ribs  appear  in  two 
tributaries  close  to  the  fault  which  brings  the  Upper  Old  Bed 
Sandstone  in  contact  with  the  Silurian  rocks.  One  of  the  out- 
crops in  the  main  tributary  north  of  Stonypath  yields  Diplo- 
graptus  foliaceus  and  Dieellograptus ;  but  fossils  are  difficult  to 
obtain  owing  to  the  shattered  condition  of  the  rocks.  The  black 
shales  are  here  succeeded  by  grits  and  greywackes,  which  are 
followed  southwards  by  a  great  development  of  grey  sandy  shale<3. 
In  a  little  tributary  of  the  Sauchet  dutr,  about  a  quarter  of  a 
mile  south  of  Deuchrie  Farmhouse,  a  thin  dark  seam  in 
these  grey  shales  afforded  Diplograptua  foliacetis  or  truncatus, 
Bicdlograpius  complanatus,  and  Climacograptiis  sp.  This  evidence 
is  of  importance,  as  it  proves  beyond  doubt  that  the  grey  shales, 
are  the  equivalents  of  the  Barren  Mudstones  of  Mofiat. 
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CHAPTEE  XIV. 
THE  NORTHERN  BELT— anUinued. 

ABENIG,   LLANDEILO,   AND  CARADOC  ROCKS  IN   THE  LEADHILLS 

DISTRICT. 

Glengonner  Water  and  its  Tributaries.— The  belt  of 
groiind  extending  from  Leadhills  to  Crawford  and  Abington  in 
Clydesdale  illustrates  in  a  marked  degree  the  extraordinary 
reduplication  of  the  Arenig  cherts  and  overlying  GlenkUn-Hart- 
fell  black  shales  (Sheet  15  of  the  Survey  Map).  This  structure 
is  specially  developed  on  tiie  south  side  of  the  valley  of  the 
Glengonner  Water,  which  falls  into  ilie  Clyde  above  Abington. 
A  few  of  the  anticlines  near  the  Leadhills  Smelting  Mill  reveal 
the  underlying  volcanic  rocks  of  Arenig  age,  but  me  exposures 
of  these  rocks  become  numerous  in  the  Glencaple  Bum  and 
adjacent  ground,  where  they  form  prominent  features  in  the 
structure  of  the  region. 

Two  anticlines  of  volcanic  rocks  occur  to  the  east  of  Water- 
head,  one  of  which  is  exposed  in  a  small  streem  named  the  Cone 
Gill,  on  the  hill  slope  west  of  the  Old  Toll  Bar  at  Waterhead. 
The  radiolarian  cherts  are  there  followed  by  the  pillowy  diabase- 
lava  in  the  centre  of  the  arch,  the  cherts  reappearing  on  the 
north  limb  of  the  fold.  The  south  bank  presents  an  excellent 
illustration  of  isoclinal  folding  in  the  cherts,  which  are  thrown 
into  sharp  curves  and  dip  towards  the  north.  Further  up 
stream,  the  cherts  reappear  associated  with  black  shales.  The 
following  graptolites  have  been  obtained  from  one  of  the  bmall 
exposures  to  the  south  of  Cone  Gill :  Dijplograptus  tricomis,  BipJo- 
graptu8  foliaceus,  Corymoides  calyciUariSy  and  Clvnacograpttts. 

On  me  moor  to  the  south-west  of  the  Cone  Gill,  the  pillowy 
diabase-lava  is  laid  bare  for  a  breadth  of  about  40  yards, 
associated  with  the  cherts  and  black  shales,  debris  of  the  latter 
beine  visible  by  the  side  of  the  hill- road  leading  to  Leadhills. 
Small  exposures  of  the  lava  may  be  seen  also  by  the  side  of  the 
road  between  the  Smelting  Mill  and  the  Old  Toll  Bar  at  Water- 
head.  There  the  lava  and  cherts  are  much  sheared  and  rendered 
schistose. 

Bellgill  Bur n. — ^This  stream,  which  joins  the  Glengonner 
Water  from  the  east  not  far  to  the  south  of  the  Old  Toll  Bar 
at  Waterhead,  displays  a  fine  section  of  the  Glenkiln-Hartfell 
black  shales,  extending  up  stream  for  a  distance  of  half  a  mile. 
The  folds  are  represented  mainly  in  the  black  shales ;  the  cherts 
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appear  only  on  some  of  them,  while  in  one  instance  the  Arenig 
lava  is  visiole,  about  one-third  of  a  mile  up  from  the  foot  of  the 
stream.  In  general  the  black  shales  are  well  bedded^  and  might 
yield  graptolites  in  fair  preservation.  At  the  foot  of  this  stream, 
at  the  base  of  the  hill  slope  on  the  right  bank,  a  grit  seems  to 
be  intercalated  between  the  mudstones  and  flints  and  the  black 
shales. 

On  the  ridge  separating  Bellgill  Bum  from  Clow  Gill,  that 
flows  north-west  from  Weflgrain  Dod  to  join  Olengonner  Water, 
much  of  the  evidence  is  obscured  by  a  continuous  covering  of 
heather ;  but  even  on  the  top  of  the  ridge  the  cherts  and  black 
shales  occui*.  The  slope  facing  the  Smelting  Mill  is  marked  by 
some  small  exposures  of  Arenig  lava  cleaved  in  part ;  and  along 
the  eastern  face  the  cherts  and  black  shales  frequently  protrude. 

The  accompanying  diagi*am  (Fig.  68),  drawn  in  a  north-west 
direction  from  the  Wellgrain  Dod  to  Brown  Neeze  along  the 
course  of  the  Clowgill  Burn,  illustrates  the  reduplication  oi  the 
Arenig  cherts  and  the  Olenkiln-Hartfell  black  shales.  Only 
the  broader  folds  are  here  represented,  the  strata  being  highly 
puckered.  On  the  hill  slope  east  of  the  bum,  and  about  a  quarter 
of  a  mile  above  the  foot  of  the  Clowgill  Burn,  two  small  arches 
of  the  volcanic  rocks  (diabase-lava)  may  be  observed,  which  are 
not  visible  in  the  stream.  Along  this  line  of  section  the  beds 
are  all  much  cleaved,  so  that  graptolites  are  not  easily  obtained 
from  them.  It  is  further  noteworthy  that  as  the  folds  of  Arenig 
cherts  and  overlying  black  shales  at  the  head  of  Clowgill  Bum 
are  followed  along  the  strike  into  the  head-waters  of  Laggan 
(Hll,  they  plunge  underneath  the  Caradoc  greywackes  and  shales 

On  the  eastern  slope  of  the  Black  Hill  a  burn  which  joins  the 
Glengonner  Water  sibout  a  quarter  of  a  mile  below  the  Clowgill 
Bum  gives  a  continuous  section,  in  the  lower  part  of  its  course 
mainly  of  black  shales,  and  in  the  upper  part,  of  the !  cherts 
and  black  shales.  About  300  yards  up  from  the  foot  of 
the  stream  a  band  of  agglomerate  occurs  in  the  cherts,  with 
bombs  of  lava  and  blocks  of  chert  in  a  fine  ashy  matrix. 

In  the  Glengonner  Bum — ^a  tiibutary  of  the  Glengonner 
Water — an  excellent  section  of  the  black  shale  series  is  laid 
open.  The  isoclinal  folds,  like  those  in  the  Clowgill  Bum 
(Fig.  68),  dip  to  the  south-east,  save  near  the  foot  of  the  stream. 
The  cherts  are  well  i-epresented,  but  none  of  the  folds  reveals  the 
underlying  lavas.  About  a  quai'ter  of  a  mile  up  from  the  foot 
of  the  fcuim,  the  Hartfell  blacK  shales  have  yielded  the  following 
forms: 

CUmacograptm  awdatua  {lApyr,)  ]  IHplograptua  folicLceus  (M^vaoh.) 

„             6tcomM  (Hall.)  ,  Orirptoymp^tw  *ricornM  (Carr.) 

„  tridentatus  (LApw.)  OlossogtupUu  Hincksi  (Eopk.) 

Dieranograptiu  ramosus  (RaXL.)  \  Cbrynoiew*  «iJt/ci«ZarM  (Nich.) 


^» 


NiehoUoni  (Hopk.) 


This  band  of  black  shale  passes  downwards  (u^  stream)  into 
black  flinty  ribbed  shales  (Glenkiln)   with  partings  of  black 
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shales,  succeeded  by  the  cherts,  which  are  fatdted  against  grey- 
wackes. 

In  the  Lagran  Gill,  which  rises  on  the  north  slope  of  the 
Wellgrain  Dod  and  joins  the  Glengonner  Water  below  Letter- 
shaws,  similar  evidence  is  obtained  of  the  extraordinary  com- 

{ression  of  the  strata  in  this  portion  of  the  Leadhills  region, 
n  the  scars  at  the  sources  of  the  bnm  some  folds  reveal  the 
Arenig  cherts  with  the  black  shales,  but  the  streams  cross 
mainly  the  greywackes  and  shales  of  the  overlying  series.  About 
three-quarters  of  a  mile  down  stream  from  Weflgrain  Dod,  the 
folds  bring  up  the  diabase-lava  much  deformed  and  8chosix>se. 
The  cherts  at  this  point  are  likewise  highly  cleaved,  and  the 
black  shales  are  much  shattered.  Below  the  junction  of  the 
Coom.  Gill,  that  joins  Glengonner  Bum  about  a  mile  north  of 
Wellgrain  Dod,  numerous  folds  of  the  Arenig  cherts  and  black 
shales  make  their  appearance.  About  a  quarter  of  a  mile  below 
the  foot  of  the  Cnom  (till,  a  section  of  Hartf ell  black  shales  on  tlio 
south  side  of  a  fold  of  cherts  has  supplied  the  following  list  of 
graptolites : 

IHfloffraptusfolictceus  (Murch.)  |  Dicrtmograptus  ramoaua  (Hall.) 

Climacograptua  ccmdatus  (Lapw.)  OlossograpUis  Hinckai  (Hopk.) 

„  bicorms  (Hall.)  |  Corynoittes  calycularis  (Nich.) 

DteeUoffraptiu  Farchhammeri  (Gein.)  . 

On  the  north  side  of  this  fold  Dicranograptus  zic-zac  was 
found. 

The  foUowinfi^  species  were  collected  by  A.  Macconochie  from 
the  Laggan  Gill : 

Canograptus  sp.  Climctcograptua  bicomis  (Hall.) 
Dicranoffraptus  ramoaus  (Hall.)  ,,      like  Schdrehberai  (LApw.) 

,,  formosua  (Hopk.)  ,,  ca/udattu  (Lapw.) 

DiceUograptua  paivloms  (Lapw.)  Diplograptus  antfugtifolius  (Hall.) 

sextans  (Hall. )  , ,  foluiceus  (Murch . ) 


^noffcUensia  (CsoT.)  ,,  pereoccavatus  (LApw.) 

Glossograptus  Hincksi  (Hopk.) 

Much  of  the  stratigraphical  evidence  in  this  part  of  the 
district  is  concealed  under  drift  and  alluvium  in  the  lower  part 
of  the  stream,  the  only  rocks  visible  consisting  of  greywackes 
and  shales. 

Kirk  Burn. — This  stream,  to  the  east  of  Laggan  Gill, 
supplies  similar  evidence  of  the  reduplication  of  the  strata.  On 
the  following  pa^e  a  horizontal  section  is  given,  drawn  along  the 
course  of  the  £iris:  Bum.  Below  it  is  placed  a  section  drawn 
along  the  ridge  to  the  east,  which  incluaes  Bavengill  Dod  and 
Craig  Dod. 

In  the  Kirk  Bum  three  folds  expose  the  Arenie  lava  in 
tracts  varying  from  fifteen  to  twenty-five  yards  in  breadth.  This 
section  snows  the  irregular  arrangement  of  the  strata,  for  the 
beds  change  the  direction  of  dip  within  a  short  distance,  the 
northerly   being    nearly    as   frequent   as    the    southerly    dips. 


The  Silwrian  Roeka  of  Scotland. 
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Rather  less  than  a  mile  from  the  foot  of  the  stream  the  following 
graptolites  were  got  in  black  shales : 


Dierancgraptus  ramams  (Hall.) 
Dicellograptus  sextans  (Hall.) 


»» 


Diplograptus  foliacefus  (Murch.) 
On/ptograpiua  tricomis  (Carr.) 

moffaiensis  (Carr. )  Leptograptus  fiaccidus  (HaU. ) 

Forehhammeri  (Gein.)    j 


Craig  Dod  Hil  1. — ^The  Arenig  volcanic  rocks  on  this  hill 
are  better  seen  than  at  any  locality  to  the  west.  They  occur  in 
two  folds  on  the  hill-top,  abont  100  yards  distant  xrom  each 
other.  In  the  most  northerly  fold  the  breadth  of  volcanic  rock 
is  about  70  yards,  the  northern  boundary  line  crossing  the  hill 
near  the  Caim.  The  mass  is  composed  mainly,  if  not  wholly, 
of  a  coarsely  crystalline  intrusive  rock,  either  an  ophitic  dolerite 
or  gabbro.  As  it  is  bounded  on  both  sides  by  the  radiolarian 
cherts,  there  is  no  evidence  of  its  intrusion  being  more  recent 
than  ^^  radiolarian  zone.  Northwards  towards  the  OleuTOnner 
valley  several  arches  of  the  cherts  and  black  shales  are  indicated 
by  small  outcrops  and  debris  of  black  shales. 

Another  exposure  of  volcanic  rock,  about  100  yards  further 
south,  forms  a  prominent  rocky  knoll  about  40  yards  broad 
running  in  an  E.rI.E.  and  W.S.W.  direction.  The  mass  consists 
of  diabase-lava,  showing  the  pillowy  structure  so  common  in  the 
Ballantrae  area.  The  cherts  protrude  tlirough  the  surface  on  the 
north  limb  of  this  fold,  and  the  black  shales  are  found  in  a  turf- 
covered  hollow,  occupying  evidently  the  centre  of  a  synclinal 
trough  between  the  two  prominent  arches  of  the  volcanic  rocks. 
There  must,  however,  be  compound  folds  in  the  radiolarian  chert 
zone  between  the  outcrops  of  igneous  rocks,  for  along  the  strike 
of  the  cherts  a  small  expasure  of  lava  appears  in  a  tributary  of 
the  Kirk  Bum,  draining  the  western  slope  of  the  Craig  Dod. 

Southwards,  in  the  direction  of  the  Havengill  Dod,  the  several 
anticlines  reveal  the  cherts  in  the  col  between  the  Craig  Dod  and 
that  hill.  Good  sections  of  black  shales  yielding  graptolites  are 
found  in  two  tributaries  of  the  Olencaple  Bum,  in  tne  strike  cf 
the  ridge  of  high  ground. 

Dry  Cleuch. — In  the  most  northerly  of  these  stream^ 
named  the  Dry  Cleuch,  which  drains  the  east  slope  of  the  Craie 
Dod  Hill,  an  arch  of  radiolarian  chert  may  be  seen  near  the  head 
of  the  scar,  associated  with  black  shales,  which  have  yielded  the 
following  graptolites : 

DieranograpUu  zie-tsae  (Lapw.)  Olimacograptus  iridenttUus  (Lapw.) 

Qimaeograpius  pdtifer  (JjApw,)  ,,  Schdrenber^  (Ija,pvr.) 

, ,  oicomis  (Hall. )  Diplograptus  foliaeeus  (Murch. ) 

Hortin  Gill. — About  250  yards  further  south,  the  burn 
named  the  Hortin  Gill,  which  drains  the  connecting  ridge 
between  Craig  Dod  and  Havengill  Dod,  has  in  the  higher  part 
of  its  course  carved  a  deep  rocky  ravine  out  of  cherts  and  black 
shales.     About  200  yards  up  from  the  foot  of  this  stream  the 
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cherts  appear,  followed  immediately  by  black  shales,  which  have 
yielded  the  following  fossils : 

Logam4)gmptm  Loaimi^hVL.)  ,    CTitiiaco^raphM  iScfcarcnterm  (Lap w.) 

Cotnograptus  gracuis  (Hall.)  DiceUograptus  sextans  (Hail.) 

„          pcr^ifM  (Lapw.^  ,,             moffcdeims(CKn,) 

„           nt^iiftw  (Lapw.)  „             patuLosus{lAyw.) 

Dieranograptusformoms  (Hopk.)  OryptograpUts  tricomis  (Carr.) 

,,              ramo^fM  (Hall.)  Obryiioi^ie^  ca2i/cufam  (Nich.) 

, ,             mininyus  (Lap  w. )  Diplograptus  foliaceus  ^Murch. ) 

Olimacograptus  pdtifer  (Ia^^w.)  \   Leptogmptus flaccidus  {Rail,) 

,,             Wcomw  (Hall.)  i 

This  list  contains  most  of  the  characteristic  zonal  forms  of 
the  Glenkiln  group,  together  with  one  form,  Loganograptus 
Logani,  commonly  restricted  to  a  lower  horizon  than  the  Upper 
Llandeilo. 

This  outcrop  of  the  Glenkiln  Shales  is  followed  by  another 
of  chert.  At  some  distance  from  the  latter,  greywackes  and 
shales  appear,  and  in  the  scars  at  the  very  head  of  the  Gill  sharp 
folds  of  the  black  shales  protrude  through  the  grey  shales  and 
grey^vackes,  from  which  specimens  of  Ulimacograptus  caudahis 
were  obtained  (Lower  Hartfell). 

Haven  Gil  1. — ^Not  far  to  the  south,  at  the  head  of  another 
tributary  of  the  Glencaple  Bum  which  rises  on  the  slope  of  the 
HavengiU  Dod,  a  series  of  deep  scars  on  the  east  slope  of  the 
hill,  visible  from  a  distance  as  prominent  features,  display  a 
section  of  special  interest,  owing  to  the  presence  of  a  thin  zone  of 
shelly  mudstones  between  the  volcanic  rocks  and  the  radiolarian 
cherte.  The  accompanying  ground  plan  (Fig.  71)  and  section 
(Fig.  72)  illustrate  tne  relations  of  the  strata.  Of  three  scars  or 
gulUes  at  the  head  of  the  Haven  Gill,  the  most  southerly,  which 
is  the  deepest,  reveals  a  fault  that  brings  the  volcanic  rocks  in 
contact  with  grevwackes  and  shales  (f  in  Figs.  71  and  72^.  To 
the  north  of  this  fault,  the  volcanic  rocks  are  thrown  into  a 
series  of  folds,  admirably  seen  on  the  slopes  of  the  north  scar. 
The  exposures  of  these  rocks  include  representatives  both  of  the 
bedded  and  intrusive  series.  The  bedded  type  consists  of  a  basic 
lava  highly  decomposed,  with  larger  vesicles  than  usually  occur : 
while  the  intrusive  mass  consists  of  a  coarse  dolerite  or  gabbro, 
well  seen  on  the  littie  dividing  ridge  between  the  north  and  mid 
scar  (IBT  in  Figs.  71  and  72). 

Along  the  bottom  of  the  middle  scar  and  on  the  slopes  of  the 
north  scar,  the  volcanic  rocks  are  immediately  overlain  by  bands 
of  olive-green   flaky  mudstones,  -slightly  flinty   or    siliceous   in 

f»laces,  and  containing  derivative  mica,  probably  musoovite 
1  in  Figs.  71  and  72).  These  mudstones  resemble  to  some  extent 
those  that  surround  the  nodular  cherts  with  abundant  radiolaria. 
Their  distinguishing  feature  is  the  occurrence  in  them  of  various 
hingeless  brachiopods,  all  of  which  have  been  deep-water 
organisms,  together  with  Tetragraptiis  fniticoms  and  Tetra- 
graptus  quadribrachiatus — graptolites  of  Middle  Arenig  age — 
thereby  connecting  the  underlying  volcanic  zone  with  the  lavas 
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Fto.  71— FIad  of  gtntA,  Hend  of  Baven  Gill,  Gleneaple,  I«tmrkshire. 
.  Arenig  Uvu  snd  tuifa.      IBT.  IntniriTe  dUbaae  (Arenig).       1.    Shelljr 


mndstone    AreniK).      C.  Radiolariui  chert.      3.  Oreywacke  and  shale 

SCaradoc).      f.  EAolt      Dotted  linea  are  lines  of  contour  showing  the 
leight  of  the  ground  in  feet. 


y  3" 

FlO.  72.-'Bection  across  the  Head  of  Raven  Gill, 
IB.  Arenig  lavaa  and  tu&.     IBT.  Intrusive  diabase  (Arenig).      1.    Shelly 
mndstone    (Arenig).       C.    BadioUrian    chert.       21-   Olenkiln   Shales. 
311.  Lower  HartfdlSbalea.    3.  Gre7WMkeandshala(CaTadoc).     f.  Fanlt. 
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and  tuffs  of  the  same  a^e  at  Ballantrae.     The  fossils  obtained 
from  the  Bavea  Gill  mudstones  are  givea  in  the  subjoined  list : 

TttTOjgrapiAiB  fruticanu  rHall. )  lAng%deUa  sp. 

„  Q^adnbrachiatusifLBXi.)  Linnarsonia  sp, 

Caryocaris  JVrighti  (Salt)  OMella  like  Sabrina  (CaUow.) 
Acrotreta  Nicholaoni  (Dav. )  , ,       mgittalis  (Salt. ) 

»>        8p.  ,,       sp. 

Acroihele  ^ranulata  (Limir.)  Kuiargina  near  labradarica, 

n  sp-  >,  sp. 

Lingvla  sp.  Discinoid  shells. 

Lingulella  lepis  (Salt.)  Annelid  jaws  (?) 

„        quebecerms  (Bill.)  Rods  (sponge  ?) 

The  shelly  mudstones  (1  in  Figs.  71  and  72),  which  are  about 
thi-ee  feet  thick,  occupy  a  sjiiclinal  fold  on  the  south  side  of  the 
northmost  scar,  and  reappear  on  the  north  face  of  the  same  scar. 
The  shells  occur  in  considerable  abundance  at  both  these 
localities  and  in  fine  preservation.  The  mudstones  rest 
apparently  on  a  bed  of  fine  tuff,  which  is  underlain  by  the  lava. 
Along  the  north  slope  of  the  northmost  scar,  they  can  be  followed 
round  the  various  sharp  folds  as  a  thin  zone  between  the  over- 
lying cherts  and  the  underlying  volcanic  rocks.  This  feature  is 
represented  in  tjie  ground  plan  (Fig.  71).  Further  east  only 
small  pockets  of  the  mudstones  are  visible  in  the  lava,  while 
again  the  lavas  are  overlain  by  the  mudstones  and  cherts  on  liie 
north  limb  of  the  fold. 

These  mudstones,  as  already  indicated  (pacre  219),  have  been 
found  at  one  or  two  localities  east  of  the  Clyde,  in  the  Abington 
region,  where  they  contain  radiolaria. 

Glencaple  Burn. — In  the  lower  part  of  the  Glencaple 
Bum,  and  also  on  the  ridge  to  the  east  (Barmy  Big)  which 
overlooks  the  Clyde,  important  masses  of  the  Arenig  igneous 
rocks  make  their  appearance.  About  200  yards  above  the  foot 
of  the  stream  greywackes  and  shales  come  in  contact  with  coarse 
rabbro,  and  are  much  crushed  as  if  a  fault  intervened.  For  a 
distance  of  60  yards  the  coarse  intrusive  rock  occupies  at 
intervals  the  bed  of  the  bum.  It  is  succeeded  by  diabase-lava 
of  a  pale  grey  variety,  tuff  and  green  mudstones,  with  nodules 
and  lenticles  of  chert,  occupying  the  horizon  of  the  shelly  mud- 
stones of  Raven  Gill.  The  mass  of  coarse  gabbro  is  traceable 
up  the  north  face  of  Barmy  Rig,  where  it  is  bounded  on  the  north 
and  south  by  diabase-lava,  which  extends  down  the  slope  towards 
the  valley  of  the  Clyde. 

In  the  Glencaple  Bum  the  cherts  and  black  shales  are  met 
with  southwards  at  intervals,  repeated  by  folds,  till  an  important 
development  of  the  Arenig  volcanic  rocks  occurs  about  half  a 
mile  up  from  the  foot  of  the  bum.  This  fold  reveals  about  40 
yards  of  diabase-lava  in  the  stream,  bounded  on  either  side  by 
the  cherts.  On  the  hill  slope  towards  the  east  the  breadth  of 
the  exposure  of  volcanic  rock  is  about  200  yards,  part  of  this 
space  being  occupied  by  a  trough  of  cherts.  To  the  south  of  this 
outcrop,  coarse  intrusive  rock  (dolerite  or  gabbro)  stretches  down 


Thr  Narthern  Belt — Aremr/,  Llandeilo,  Camdoe  JRoeks.       289 

the  hill  slope  towards  the  Glencaple  Bum.  These  intrusive 
rocks  of  Arenig  age  appear  again  on  folds  still  further  south, 
associated  with  cherts.  This  portion  of  the  hill  is  strewn  with 
rock  debris,  and  at  one  point  a  Tertiary  dyke  traverses  the 
Arenig  rocks. 

These  various  folds  afford  no  evidence  of  the  coarse  Arenig 
igneous  rocks  piercing  the  cherts  or  black  shales.  The  intrusion 
does  not  reach  higher  than  the  lavas. 

A  small  section  of  black  shales  with  fossils  of  the  Hartfell 
horizon  may  be  seen  on  the  left  bank  of  the  Glencaple  Burn, 
about  300  yards  below  tiie  foot  of  Hortin  Gill.  At  the  north 
end,  on  the  bank,  the  Hartfell  black  shales  are  associated  with 
thin  grey  seams,  and  thus  have  a  banded  appearance  of  grey 
and  black  seams,  sometimes  a  quarter  of  an  inch  thick.  In 
these  black  seams  specimens  of  Corynoides  calycidaris,  Climaco^ 
grapivs  cavdatus,  and  Diplograptus  foliaceus  occur. 

Further  south  the  grey  seams  disappear,  and  give  place  to  a 
solid  mass  of  black  shales.  About  eight  feet  south  from  the 
grey  seams,  the  first  highly  fossiliferous  bands  yield  slabs  which 
are  crowded  with  large  specimens  of  Corynoides  calyndaris. 
Here  may  be  found  in  considerable  abundance  well  preserved 
specimens  of  Clima^^offrapttts  caudatus  and  Diplograptus  foliaceus. 
In  another  layer,  fine  specimens  of  Dicranograptus  ramosibs, 
Corynoides  ccdycvlaris,  and  Diplograptus  foliacens,  with  an  occasional 
example  of  Climacograptus  caudatus^  have  been  obtained.  The 
bands  near  this  latter  point  also  yield  Climacograptus  hiconiis  and 
Cryptograpttis  tricomis.  The  relation  of  this  black  shale  band  to 
other  rocks  is  not  visible. 

Before  concluding  this  description  of  the  Moffat  series,  as 
developed  in  the  Glengonner  Water  and  its  tributaries,  we  must 
refer  to  the  fact  that  many  of  the  folds  of  the  black  shales  lie  in 
the  line  of  strike  of  the  fossiliferous  grits  and  conglomerates  of 
Duntercleuch  and  the  Snar  (Caradoc) .  In  the  absence  of  special 
stratigraphical  zones,  it  is  not  possible  to  demonstrate  the  exten- 
sive folding  of  the  grits,  but  from  the  manner  in  which  the 
Caradoc  grits  anastomose  with  the  underlying  radiolarian  cherts 
and  Glenkiln-Hartfell  shales,  it  is  probable,  if  not  certain,  that 
the  upper  series  is  as  much  folded  as  the  lower. 

Clyde  above  Glengonnerf  oot. — ^At  the  foot  of 
the  Glengonner  Water,  green  and  red  cherts  are  visible,  and 
after  a  blank  in  the  section,  reappear  in  the  river  Clyde  about 
200  yards  up  from  Glengonnerfoot.  Another  blank  in  the 
section  then  occurs  for  a  short  distance,  but  thereafter  up  to  the 
island  in  the  river,  about  half  a  mile  from  Glengonner,  a  section 
may  be  followed  of  cherts,  black  shales,  and  greywackes,  with 
two  outcrops  of  lava.  The  rocks  are  much  crushed  and  disturbed, 
and  hardly  ever  appear  in  normal  sequence. 

The  first  exposure  of  the  lava  lies  about  300  yards  above  Glen- 
gonnerfoot. The  rock  is  here  brecciated  and  of  the  type  to  be 
referred  to  presently  as  occurring  in  the  hills  east  of  the  Clyde. 
In  the  black  shales  south  of  it,  the  following  graptolites  were 
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found :  Leptograpius  fldccidits,  Dicranograptiis  ranwsu^,  CliniacO' 
grapius  bicomis,  Biplograptus  foliaceus,  and  Acrotreta  NichoUoni. 
Two  small  outcrops  of  orecciated  lava  occur  about  100  yards 
to  the  north  of  the  island.  At  the  island  itself  there  is  a  great 
development  of  black  shales. 

Wanlock  Water  and  Tributaries. — About  two 
miles  up  the  Wanlock  Water  from  the  Spango  Bridge  at  the 
mouth  of  the  Ree  Bum,  black  shales  with  radiolarian  cherts  are 
traceable  at  intervals  for  a  distance  of  about  120  yards.  Thi? 
section  is  of  special  interest,  because  at  one  point  it  yields 
remarkably  fine  specimens  of  Climacograptus  bicomis  and  of  the 
variety  Climacograjitus  triderdatus.  Just  below  the  mouth  of 
the  Ree  Bum,  vertical  or  highly  inclined  grey  and  green  cherts 
occupy  about  12  yards  of  the  stream  section.  They  present  all 
their  t^^pical  features,  forming  hard  ribs  or  nodular  bands 
charged  abundantly  with  radiolaria.  On  the  north  side  they  are 
succeeded  immediately  by  grey  and  blue  shales,  and  after  a 
blank  in  the  section  by  greywackes,  grits,  and  blue  shales. 

On  the  south  side  of  the  fold,  the  cherts  are  followed  by  grey 
and  blue  shales,  reseanbling  those  on  the  north  side,  whit^li 
occupy  the  stream  for  a  few  feet  on  the  right  bank,  and  are 
succeeded  by  greywackes.  On  the  left  bank  of  the  Wanlock, 
opposite  the  mouth  of  the  Ree  Burn,  though  the  beds  are  there 
much  shattered  and  fossils  are  not  easily  obtained,  the  follow- 
ing graptolites  were  collected,  belonging  partly  to  tlie  Glenkiln 
group  and  partly  to  the  lower  portion  en  the  Lower  Hartfell 
black  shales. 

CryptograptMS  tricomis  (Hall),  in  fine  preservation. 

Ccenograptus  sfiircularis  (Hall). 

(Ximacograptus  peltifer  (Lapw. ). 

Diplograptus  foliaceua  (Murch.),  in  fine  preservation. 

Dicranograptus  Nicholson^  (Hopk.),  with  a  wide  angle. 

ClimacograptuB  ccelcUus,  var.  antiqttxis  (Lapw.),  well  marked. 

Acrothele  granuUUa  (Linnr.).     This  brachiopod  is  beautifully  preserved. 

On  the  further  side  of  seme  greywackes  and  shales,  the  black 
shales  reappear,  and  yield : 

Diplograptus  folmreus  (Murch.),   in   ]    Corynaidea  calycularis  (Nich.) 

fine  preservation.  Dicellograptvs  sp. . 

Cryptograptus  tricomis  (Oarr.) 

This  assemblage  seems  to  indicate  the  passage  zone  between 
the  Glenkiln  ana  Hartfell  groups. 

Still  further  up  the  stream,  beyond  greywackes  and  shales, 
graptolites  were  found  in  sooty,  shattery  black  shales,  having 
a  characteristic  Glenkiln  facies,  as  given  in  the  following  list : 

• 

Didymograptu^  miperntes  (Lapw.)  (Jliniacograptxts  Schdrenbergi  (Lapw.) 

Dicranograptus  minimus  (Lapw.)  ,,             sp. 

,,              ramosus  (Hail.)  |    Diplograptus  folia4:eus  (M.\xrc\i,) 

Cctnograptus  gracilis  (HaW.)  i   Dicellograptus patulosus  (lApw.) 
CryptograptMs  tricomis  (Cart.) 
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Another  fold  of  black  shales  may  be  seen  higher  up  on  the 
left  bank  of  the  Wanlock,  at  a  point  about  70  yards  from  the 
mouth  of  the  Ree  Bum.  This  locality  yields  remarkably  fine 
specimens  of  CUma4X)graptm  Ucomis  and  of  CUmacoqraptus 
trtdeniatus.  On  the  left  bank  the  shales  dip  to  the  S.S.E.  at  an 
angle  of  about  80^  are  well  seen,  and  can  be  readily  searched 
for  fossils ;  thev  occur  also  on  the  right  bank  at  the  foot  of  tfcie 
dnft  slope.  They  are  flaggy,  and  break  into  fine  slabs  from  a 
quarter  to  half  an  inch  in  fliickness.  No  great  variety  of  fossils 
is  here  obtained,  but  in  certain  seams  specimens  of  CUma- 
cogra'ptus  Ucomis  and  C,  tridentatus  can  be  procured  in  great 
abundance  and  in  excellent  preservation.  The  following  species 
have  been  collected  here : 

Clifnaeoji-aptm  bicornis  (Hall. ),  in  fine  j  IHcranographis  Nichdsoni  (Hopk. ) 

preservation.  with  a  wide  angle. 

,,  tridentatus  (JjBLipyr.)  \  Diplograptus  foliaceus  (Murch.) 

Iheranograpt'iis  ramoms  (HaXL.)  I  Siphonotreta  micula  (MVoy.) 

This  assemblage  shows  that  the  laj^er  from  which  it  was 
obtained  occupies  the  position  of  the  passage  zone  between  the 
Glenkiln  and  Hartfell  groups. 

A  short  distance  further  up,  black  shales,  again  seen  in  the 
Wanlock,  represent  probably  the  Glenkiln  band.  In  the  line 
of  strike  of  this  outcrop  the  radiolarian  cherts  are  visible  in  the 
Reedy  Gutter,  about  50  yards  to  the  south-west  of  the  Wanlock 
Water.  In  the  last-named  stream,  occasional  exposures  are  met 
with  still  higher  up  of  greywackes  and  shales,  together  with  a 
few  bands  of  pebbly  grit  containing  fragments  of  radiolarian 
chert. 

Glengaber  Burn. — In  this  stream — a  tributary  of  the 
Wanlock  Water — which  drains  the  northern  slope"^  of  the 
Glengaber  Hill,  various  outcrops  of  black  shale  occur,  some  of 
which  yield  characteristic  Glenkiln  fossils.  The  cherts  appear 
in  a  marked  fold  about  half-way  up  the  stream.  One  of  the  best 
localities  for  fossils  occurs  on  the  nill-road  leading  to  Wanlock- 
head,  where  it  winds  round  the  slope  between  the  two  branches 
of  the  Glenaber  Bum.  At  a  point  on  the  hiU-road  between  the 
forks,  graptolites  occur  in  good  preservation,  somewhat  decom- 
posed, but  abundant.     The  following  list  was  here  obtained : 

Didymoffraptus  superdes  (Lapw. )  Clinuicograptvs  bicornis  (HaU. ) 
Ccmograptus  p^rtenuis  (Lapw. )  ,  j  Schdrenhergi  (Lapw. ) 

Lasiograptus  bimucronatxis  (Nich.)  Dicellograptus  sextans  (HaU.) 
Diplograptus  foliaceus  (Mxirch.)  ,,  patulostu  CLApw,) 

Cryptograptus  tricornis  (Carr.)  Dicranograptus  ramosus  (Hall.) 

The  form  Dicranograptus  ramosus  is  most  abundant.  The 
Olenkiln  black  shale  is  obviously  here  represented. 

On  the  south-west  side  of  the'valley  of  the  Wanlock,  the  slopes 
of  Duntercleuch  Hill  are  drained  by  two  streams — ^the  Back 
Bum  and  the  Dnntercleuch  Bum — flowing  into  the  Wanlock. 
The  sections  laid  open  by  these  bums  are  of  special  importance, 
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because  they  exhibit  the  black  shales  with  characteristic  Glen- 
kiln  graptolitee  and  the  fossiliferous  grit  and  conglomerate  of 
Caradoc  age. 

Back  Bur n. — About  one- third  of  a  mile  above  the  foot  of 
the  Back  Bum,  where  it  joins  the  Glenbuie  Bum,  black  cherts 
and  black  shales  with  fragments  of  graptolites  occur ;  and  about 
1300  yards  up  from  the  mouth  of  i£e  Back  Bum,  black  shales, 
evidently  repeated  by  folds,  with  grits  between,  are  exposed  on 
the  left  bank,  where  they  have  furnished  the  following  fossils : 


Coenograptus  perienuu  (Lapw.) 
Lanograptus  binvucronatus  (Nich.) 
Diplograptus  foliaceus  (Murch.) 
Oryptograptus  tricomis  (Carr.) 


Climacograptus  hieomis  (Hall.) 
DicranograptuB  ramoius  (Hall.) 
DiceUograptus  sextans  (Hall.) 

, ,  pdtulosus  (Lapw . ) 


There  is  no  evidence  here  whether  the  grits  rest  unconformably 
on  the  black  shales.  The  latter  are  much  smashed  and  slicken- 
sided. 

In  a  scar  at  the  very  head  of  the  stream,  on  the  north-east 
slope  of  the  Well  Hill,  a  fine  exposure  of  the  fossiliferous  grit 
(Duntercleuch)  may  be  seen,  weathering  with  a  yellowish  grey 
colour.  Specimens  of  a  Theca  were  obtained  from  the  grit  on 
this  scar;  while  in  the  bed  of  the  stream  black  shales  with 
graptolit€*s  are  visible. 

Duntercleuch  Burn. — About  300  yards  up  this  bum 
from  its  point  of  junction  with  the  Wanlock  Water,  the  Glenkiln 
black  shales  are  well  displayed  on  the  north  bank.  At  one 
point  the  shales  split  into  fine  slabs,  and  yield  graptolites  iu 
profusion  from  certain  layers.  The  following  species  were 
obtained  from  this  locality : 


D-idymograptus  superstes  (Lapw.) 

Ccenograptus  gracilis  (Hall.) 
, ,  jyertenu  is  (Lapw. ) 

Dicranagraphts  minimus  (Lapw.) 
,,  ramosus  (IBaU.) 

DiceUograptiis  sextans  (Hall.) 

patulosiLS  (Lapw. ) 
,,  elegansl  (Carr.) 

,,  inoffatensis  (Catt.) 

Oryptograptus  tricomis  (Carr.) 


(Jlimacoffraphis  bicomis  (Hall.) 
,,  cddatus  (Lapw.) 

,,  Scharenbergi  (Lapw.) 

Diplograptus  foliaceus  (Murch.) 
, ,  eughfphus  (Lapw. ) 

Lasiograptns  bimucronatus  (Nich.) 
, ,  margaritntus  (Lapw. ) 

Leptogmptus  flaccidus  (Hall.) 
Oonfnoidejt  calycularis  (Nich.) 


Greywackes  occur  on  the  south  side  of  this  outcrop,  and  also  in 
a  fold  in  the  heart  of  these  shales.  From  the  assemblage  of 
forms  given  in  the  foregoing  list,  it  is  apparent  that  this  black 
shale  band  belongs  mainly  to  the  (Jlenkiln  group.  The 
occurrence,  however,  of  Laisograptus  margaritatus  woidd  seem, 
to  indicate  that  the  basal  portion  of  the  Lower  Hartfell  black 
shales  is  here  represented. 

Glenmarch  Hope  Burn. — Near  the  head  of  this  bum, 
which  is  a  tributary  of  the  Wanlock  Water,  on  the  south-east 
slope  of  the  Glengaber  Hill,  besides  sections  of  chert  and  black 
shales,  both  much  smashed,  a  very  small  exposure  of  igneous 
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rcxjk  is  associated  on  the  north  side  with  cheiia  and  black  shales, 
which  resembles  some  of  the  igneous  rocks  of  Arenig  age. 

Sow  en  Burn  (Tributary  of  the  Wanlock  at  Smelting  Mill). 
—This  stream  furnishes  excellent  exposures  of  radiolarian  chert 
with  black  shales,  but  the  latter  are  in  many  places  much 
shattered  and  disturbed,  so  that  fossils  are  not  easily  obtained 
from  them.  Near  the  foot  of  the  bum,  close  to  the  Smelting 
Mill,  the  following  forms  were  got  from  black  shales  which 
show  a  core  of  radiolarian  cherts  in  the  centre  of  the  fold: 
C(e}iograptu8  pertmuis,  Dwranograpius  ziomc,  Diarwiiograptm 
rannosv^.  Clinuicograpttis  bicomis,  DiplograpUis  mghjphus,  D, 
foliaceiis,  Lepiocn^apUis  Jlaccidus,  Dicellograptm  sextans,  D.  Forch- 
hammerU  Cnjptograptus  triconiis.  One  of  the  marked  features  of 
the  Sowen  Dod  (1783  feet)  is  the  abundance  of  chert  debris  along 
the  line  of  outcrop  occurring  close  to  each  other.  The  hard  chert 
ribs  are  very  conspicuous  along  the  hill-top  near  the  county 
boundary. 

Snar  Water,  Wanlock  he  ad.— Round  the  head- 
waters of  the  Snar,  although  the  hills  have  a  more  or  less  con- 
tinuous covering  of  heather,  repeated  folds  of  the  Arenig  cherts 
and  black  shales  are  nevertheless  indicated  by  debris  on  the 
surface  exposures  in  scars  or  bums  on  the  hill  slopes.  Along 
the  eastern  slope  of  Sowen  Dod  and  Snarhead  Hill  there  ar-. 
about  twenty  separate  folds  of  the  Arenig  cherts  and  black 
shaJes.  Sometimes  only  the  black  shales  come  to  the  surface 
along  sharp  plications,  but  as  a  rule  the  cherts  form  the  pro- 
minent  feature  of  the  folds.  It  is  important  to  note,  however, 
that  along  the  strike  of  these  folds,  on  the  ridge  forming  the 
watershed  between  the  head-waters  of  the  Snar  and  Leacfiiills, 
the  strata  consist  of  grits,  greywackes,  and  shales.  The  Arenig 
cherts  and  the  Glenkiln-Hartfell  black  shales  gradually  "nose 
out,"  and  the  folds  are  continued  in  higher  beds. 

On  the  east  side  of  the  Snar  Water  valley,  in  a  scar  draining 
the  south  slope  of  Hunt  Law,  a  broad  exposure  has  been  laid 
open  of  the  Arenig  cherts  and  black  shales.  Here  the  observer 
may  see  the  features  which  these  rocks  present  over  a  consider- 
able area  of  the  region  north  of  Leadhills.  The  black  shales  are 
bleached  white  or  grey,  and  their  graptolites  are  in  such  a  verv 
poor  state  of  preservation  as  to  be  of  little  service  for  zonal  classi- 
fication. Further,  the  cherts  frequently  decompose  into  a  white 
clayey  material.  To  such  an  extent  is  this  the  case  in  the  Lead- 
hills  region  that  probably  some  felspathic  constituents  may  enter 
into  the  composition  of  the  radiolarian  cherts. 

About  200  yards  south  from  the  foot  of  the  scar  just  referred 
to,  at  the  side  of  the  path  leading  to  Leadhills,  a  very  small 
projection  of  the  diabase-lava  in  the  chert  forms  the  only  outcrop 
of  the  volcanic  zone  in  the  head-watei*a  of  the  Snar. 

For  a  mile  below  its  source,  the  Snar  Water  flows  through  an 
alluvial  flat,  in  which  no  solid  rock  is  visible.  Within  half  a 
mile  of  the  Snarhead  shepherd's  house,  gritty  greywackes  and 
shales  appear  in  the  stream,  and  a  little  lower  a  well-marked 
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baud  of  giit  may  be  seen,  resembling  the  fossiliferous  grit  of 
Duntercleuch.  About  70  yards  north  of  this  outcrop  the  cherts 
appear  with  the  black  shales.  Further  down  stream  (300  yards 
north  of  Snarhead)  an  arch  of  the  cherts  with  black  shales  is  laid 
bare  in  the  water-course.  In  the  core  of  this  fold,  on  the  right 
side  of  the  valley,  coarse  dolerite  or  gabbro  appears,  which  is 
traceable  for  a  short  distance.  The  cherts,  however,  can  be 
followed  eastwards  to  the  crest  of  the  ridge  between  the  Glenkip 
Burn  and  Snar  Water. 

About  60  yards  south  of  the  junction  of  the  Reecleuch  Bum 
with  the  Snar  Water,  an  important  section  exposes  the  volcanic 
rocks.  Greywackes  in  the  bed  of  the  stream  are  followed  by 
pillowy  lava,  which  is  visible  in  an  adjoining  rocky  knolL  The 
volcanic  zone  is  succeeded  southwaras  by  an  outcrop  of  black 
shales  seen  in  the  Snai*,  and  still  further  south  by  the  i*adiolarian 
cherts.  A  sm^ll  exposure  of  radiolarian  chert  may  be  seen  in 
the  bum  on.  the  north  side  of  the  mass  of  lava,  so  that  the  latter 
might  occur  on.  a  separate  fold  from  that  of  the  cherts  south  of 
the  black  shales.  The  cherts  occur  along  this  strike  to  the  west 
of  the  Reecleuch  Bum. 

These  folds  of  volcanic  rocks,  Arenig  cherts,  and  black  shales 
in  the  Snar  Water  lie  much  in  the  same  line  of  strike  as  the 
outcrops  of  the  Reecleuch  Hill  to  the  W.S.W. 

The  fossiliferous  breccia  or  conglomerate  is  well  displayed  in 
the  Snar,  not  far  below  the  shepherd's  house.  It  occurs  also 
further  down  the  valley  on  the  slope  of  Snar  Law,  and  in  the 
Slough  Bum  on  the  west  side  of  the  valley. 

Glenkip  Burn  (Tributary  of  the  Snar  Water). — At  the 
head-waters  of  this  sti-eam  great  scars  display  fine  sections  of 
the  Arenig  cherts  highly  decomposed,  and  of  the  black  shales, 
usually  bleached  to  a  white  or  grey  tint.  The  same  difficulty  is 
here  presented  of  obtaining^  fossils  for  zonal  classification,  ihe 
evidence  of  rapid  reduplication  of  the  strata  by  folding  is 
abundant,  though  in  this  valley  denudation  has  not  proceeded 
far  enough  to  i*eveal  the  volcanic  rocks. 

From  an  exposure  of  black  shales,  about  one-third  of  a  mile 
down  this  stream,  the  following  fossils  were  got: 

CijunograptMS  (fracilis  i^sXi.)  \   Diplograptujf  euglyphus  (La])w,) 

,,  perfcntm  (Lapw.)  I    Cli7n<ico<jrapttis  sp. 

Crijptograptus  tri^orms  (Carr.)  | 

The  belt  of  rapidly  folded  chei^is  and  black  shales  at  the  head 
of  Glenkip  Burn  is  upwards  of  half  a  mile  bi*oad ;  northwards  to 
the  point  of  junction  with  the  Snar  Water — a  distance  of  about 
a  mile  and  a  half — the  valley  traverses  a  succession  of  pebbly 
grits  or  conglomerates,  greywackes,  and  shales  of  Bala  age.  The 
dips  in  opposite  directions  show  that  the  strata  are  repeated  by 
folds ;  but  it  is  clear  that  manv  of  the  folds  are  isoclinal.  Here, 
as  has  been  already  remarked  with  regard  to  other  parts  of  the 
region,  there  may  be  quite  as  much  reduplication  of  the  over- 
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lying  sediments  of  Bala  age  as  of  the  Arenig  cherts  and  Glen- 
Hln-Hartfell  black  shales. 

The  folds  of  cherts  and  black  shales  so  conspicuous  at  the  head 
of  the  Glenkip  Bum  are  traceable  in  many  cases  across  the  ridge 
in  the  direction  of  Glengonner  Water.  Eastwards,  however,  they 
*'  nose  out,"  and  plunge  underneath  overlying  sediments. 

Glendorch  Bur n. — ^This  stream  rises  on  the  slope  of  the 
Waterhead  Hill  north  of  Leadhills,  and  loins  the  Snar  at  the  Old 
Castle  of  Snar,  about  a  mile  and  a  half  south  from  Duneaton 
Water.  Xear  its  head  several  folds  of  black  shales  and  cherts 
occur;  but  northwards  to  near  the  foot  of  Sim's  Bum  grey- 
wackes,  pebbly  grits  or  fine  conglomerates,  and  shales  or  mud- 
stones  are  exposed.  The  pebbly  bands  yield  the  Duntercleuch 
series  of  fossils.  There  can  be  no  doubt  that  they  are  repeated 
again  and  again  bv  sharp  folds. 

From  Glendorch  shepherd's  house  to  near  the  foot  of  the 
stream,  grey  flags  and  mudstones,  with  occasional  bands  of  grit, 
dip  generally  to  the  S.S.E.  at  about  70^*.  About  200  yards  above 
the  foot,  an  outcrop  of  black  shales  has  supplied  the  following 
fossils : 

Diplograptus  foliaceus  (Murch.)  Gloaaograptus  Hincksi  (Hopk.) 

C^imacograpixM  Schdrenbergi  (Lapw.)       Lasiograptus  margaritattts  (Lapw.) 

bicomis  (HaM.)  I    (Mjptograptus  tricornis  (Carr.) 

,,  caudcUus  (Lapw.)  \   Acrotreta  NichoUoni  (Dav.) 

IHcranograptus  ramosus  (Hall.)  |    Corynaides  calyctUaris  (Nich.) 
IHcellograptus  moffatensis  (Garr.) 

This  assemblage  of  fossils  proves  that  this  shale  must  belong 
to  the  Lower  Hai-tfell  horizon.  Thourfi  the  radiolarian  cherts 
are  not  here  visible  in  the  Glendorch  Bum,  there  can  be  little 
doubt  that  the  black  shales  appear  along  the  crest  of  a  sharp 
fold.  The  occuiTence  of  this  band  is  of  importance,  because  it 
helps  to  fix  the  age  of  the  brown  shales  and  fossiliferous  grits, 
so  well  developed  in  the  Glendorch  valley. 

Cog  Burn  and  its  Tributaries  (West  from 
Wanlockhead). — ^The  lower  reaches  of  thiij  stream,  below  the 
point  of  junction  with  the  Glensalloch  Bum,  afford  few 
exposures  of  soKd  rock.  The  Cog  Bum,  in  that  part  of  its 
course,  winds  through  alluvial  deposits  flanked  by  high  banks 
of  boulder  clay.  From  the  mouth  of  the  Glensalloch  Bum 
upwards  to  the  foot  of  the  Glendorch  Bum — a  distance  of  about 
three-q\iarters  of  a  mile — veiy  massive  greywackes  and  grits 
with  blue  and  grey  shales  form  the  section. 

At  the  mouth  of  the  Glendorch  Bum,  an  important  section, 
on  the  right  bank  of  the  stream,  shows  the  sequence  from  the 
radiolarian  cherts  to  the  Glenkiln  black  shales,  followed  by  a 
remarkable  breccia  at  the  base  of  the  overlying  arenaceous  series. 
At  the  bend  of  the  stream,  cherts  with  radiolaria  occupy  about 
25  yards  of  the  section,  preserve  theii*  nodular  character,  and  are 
there  seen  to  be  repeated  by  sharp  folds.  On  the  south  side  they 
are  followed  by  a  thin  seam  cf  shales,  succeeded  by  a  bed  of 
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breccia  about  14  feet  thick,  composed  of  angular  fragments  of 
grey  and  dark  chert  with  radiolana.  On  weathered  surfaces  the 
brecciated  character  of  the  rock  is  veiy  conspicuous,  as  the 
included  fragments  weather  with  a  whitish  colour,  while  the 
matrix  of  the  rock  is  grey.  This  bed  of  breccia,  which  probably 
indicates  a  local  unconformability,  is  succeeded  by  a  baud  of 
black  shales,  measuring  about  24  feet  across,  which  are  much, 
jointed,  and  yield  gi-aptolites  sparingly  and  in  poor  preservation. 
The  following  among  other  forms  were  here  ootained:  Crypto- 
grapius  tricornisy  Dicranograptus  ramostis,  Lasiograptus  Idmucro^ 
natus,  Clitnacograptus,  &c.  These  black  shales  contain  dark 
siliceous  ribs  like  those  of  the  Glenkiln  black  shales  group ;  and 
though  the  typical  Glenkiln  assemblage  of  graptolites  has  not 
here  been  met  with,  it  is  evident  from  the  chai*acter  of  the  beds 
and  the  occuiTence  in  them  of  L.  bimtu^onatus  that  they  belong 
to  that  division.  They  are  followed  by  a  bed  of  grit  (six  feet 
thick)  containing  angular  fragments  of  radiolarian  chert  and  a 
few  pieces  of  black  shale.  Further  south,  dark  grey  gi-eywackes 
and  shales  arc  visible  on  the  base  of  the  slope  and  in  the  stream. 
On  the  north  side  of  the  anticline,  greywackes  and  dark  shales 
come  in  conjunction  with  the  radiolarian  cherts. 

It  is  interesting  to  observe  that  a  section  showing  a  sequence 
from  radiolarian  cherte  to  Glenkiln  black  shales  and  overlying 
breccia  is  visible  in  a  small  tributary  of  the  Glensalloch  Bum, 
about  half  a  mile  to  the  E.Jf.E.  of  the  locality  just  referred  to. 
The  streamlet  is  not  marked  even  on  the  six-inch  map,  but  it 
drains  the  noiihern  slope  of  the  Lowmill  Knowe.  About  80 
yards  above  its  junction  with  the  Glensalloch  Bum — no  rock 
being  visible  in  this  space — ^the  first  exposure  is  met  with  on  the 
east  bank,  consisting  of  grey,  green,  and  daik  cherts  full  of 
radiolaria.  Only  about  three  feet  of  cherts  are  seen.  These  are 
followed  on  the  south  side  by  three  feet  of  decomposing  black 
shales,  weathering  grey  and  inisty  brown.  About  three  inches 
of  this  band  jrield  graptolites  in  fairly  good  preservation.  The 
following  forms  were  here  found : 


DicntHftffrnptva  rainimus  (Lapw.) 

.,  t-amostis  (Hall.) 

OrifptiHjrapiui  tHcorms  (Carr.) 
THpUxfraphui  foli<iceua  (Murch.) 


Glimacographui  bicornis  (Hall.) 
, ,  tridenMus  (L«iuw. ) 

Srhcirenher^  (Lapw.) 


This  fossiliferous  band  is  succeeded  fui-ther  south  by  about  12 
feet  of  grit  which  passes  in  places  into  a  fine  breccia,  with  a 
gritfy  matrix,  containing  angular  fiTigments  of  radiolarian  chert 
of  the  same  colour  as  the  chert-band  close  by.  The  derived 
fragments  are  small,  but  one  was  found  that  measured  four 
inches  across.  The  breccia  passes  upwards  into  grits  with  minute 
chert  fragments  and  brown  shales.  These  beds  are  nearly  verti- 
cal, or  dip  to  the  south-east  at  about  80"*.  A  short  distance  up 
the  streamlet  another  band  of  brecciated  conglomerate  is  seen, 
containing  fairly  large  fragments  of  radiolarian  cherts.  This 
autioHue,  of  winch  only  one  limb  is  visible,  cannot  be  traced 
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contiiiuously  to  the  Cog  Bum,  but  it  is  much  in  the  same  line 
of  strike  as  the  arch  at  the  foot  of  Glendorch  Burn.  The  latter 
streamlet  lays  open  numerous  folds  of  the  radiolarian  chert  with 
small  exposures  of  black  shales,  the  higher  portion  of  its  course 
being  occupied  by  blue  clayey  shales  with  sandy  ribs.  About 
400  yards  up  the  stream,  one  of  the  synclinal  folds  includes 
another  band  of  brecciated  giit  with  chert  fragments. 

Before  describing  the  black  shale  bands  in  the  basin  of  the 
Cog  Bum  above  Cogshead,  we  may  refer  to  the  series  of  brown- 
weathering  greywackes  and  shales  in  the  GlensaUoch  Burn, 
which  resemble  in  cei'tain  points  the  so-called  ^'  Margie  series  " 
of  greywackes  and  shales  in  Forfarshire  and  Kincardineshire. 
In  fresh  fracture  the  rocks  are  grey  and  blue. 

In  the  higher  reaches  of  the  Cog  Burn  and  its  tributaries  above 
Cogshead,  sections  of  black  shales  yield  at  some  localities  well- 
preserved  graptolites.  At  the  Craigv  Cleuch — a  tributary  of  the 
Hog  Burn  due  south  of  the  shepherd's  house  at  Cogshead — dark 
blue  shales  appear  at  the  foot  of  the  stream,  which  have  not 
yielded  graptolites.  At  the  h6ad  of  this  btim  two  small  branches 
have  cut  deep  scars  in  the  Silui-ian  rocks.  In  the  westmost 
branchy  on  the  brow  of  the  hill,  grey  shales  and  mudstones  with 
dark  shales  contain  Diplograptiis  foliacevs  and  Dicraiiograptiba, 
In  the  eastmost  branch,  similar  beds  are  visible.  Just  above 
the  fork  of  this  branch,  shatteiy  black  shales  have  yielded 
Gry^ptograptus  tricomis,  THplograptus  foliaceus,  Acrothele  gramdata, 
Acrotreta  N'uhohoni,  tlie  brachiopods  being  well  preserved.  A 
few  feet  from  the  fork,  the  following  forms  were  obtained  in  a 
seam  of  black  shale: 


DicraiwgraiAwi  zic-zac  (Lapw.) 
Diplograptus  euglypktut  (Lapw.) 
Lasiograptua  bimucronatu9  (Nich.) 
OrypUfgraptus  tricomis  (Carr.) 
Dicranograptus  ramoaus  (Hall.) 


Dicranograptus   NichoUoni   (Lapw.) 

(with  the  wide  angle). 
Dicellograptys  sp. 
Climacograptus  Schdrenbergi  (Lapw.) 


Howcan  Burn  (Tributary  of  the  Cog  Burn). — About  300 
yards  to  the  east  of  Cogshead  the  Howcan  Bum  joins  the  Cog 
Bum  from  the  south-east,  and  near  the  Martyrs'  Anowe  a  small 
exposure  of  black  shales,  dark  blue  and  flaggy,  have  yielded 
CryplagrapttLS  tricwniis,  Dicranograptus  ramosuSf  I).  NichoUoiii 
(with  the  wide  angle),  Climacograpius,  and  Acrotreta  Nicholsoni. 
Further  down  this  tributanr  there  is  a  better  exposure  of  black 
shales  of  a  similar  type  yielmng  DiceUoyraptus  sextans ,  D,  elegwiiSy 
D.  Forchhavimeri,  Grgptograptns  tricomis,  Climacograptus  bicomis. 

On  the  north  side  of  the  valley,  the  Cog  Bum  receives  a  tri- 
butaiT — the  (i^lenlosk  Bum — ^a  mile  east  of  Cogshead,  which 
reveals  a  good  section  of  black  shales  about  600  yards  up  from 
the  junction.  Gritty  greywackes  and  dark  blue  shales  appear 
in  the  lower  part  of  the  section,  the  sti^ata  next  the  black  shales 
on  the  south  side  consisting  of  dark  blue  shales,  sandy  and 
micaceous.  The  black  shsdes  next  these  sandy  shales  yield 
Diplograptus   foliaceus    and    Acrothele    granvlata.       Further     up 
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black  shales  are  well  displayed,  much  crushed  and  shattei-y,  so 
that  graptolites  are  not  easily  obtained  from  them.  The  follow- 
ing forms  were  collected  at  the  bend  of  the  stream : 

Ckenograptus  gracilis  (Hall.)  DiceUograptus  sextans  (Hall.) 
Cryptograptus  tricornis  {CfkTT,)  ,,  patvlosus(JjBk^^,) 

Climacograptua  hicomis  (Hall.)  „  degans  ?  (Carr.) 

,,  Schdrcnhergi  (Lapw.) 

Another  exposure  of  black  shales  occurs  in  the  Cog  Burn 
about  120  yards  above  the  point  of  junction  with  the  Glenlosk 
Bum.  Smashed  and  cleaved  black  shales  are  there  seen  next 
to  the  greywackes  on  the  north  side  of  the  fold.  A  few  yards 
west  from  the  junction,  on  the  left  bank  of  the  stream,  well- 
presei'ved  graptolites  occur  in  flaggy  black  shales.  The  follow- 
ing assemblage  of  fossils  was  obtained  fi*om  these  shales,  tne 
specimens  of  Lasiogra ptus  margaritaius  being  particularly  fine ; 

Climacograptus  bicornis  (Hall.)  Lasiograptus  margaritatxis  (Lapw.) 

,,  tridetUxUus  (Lapw.)  Diplograptus  folia4te\is  (Murch.) 

DiceUograpttts  sextans  (HalL)  CLimacograptws  coilatus  var.  antiquus 

inoffatensis  (Carr. )  (Lapw. ) 


pabvlaaus  (Lapw.)  Aerothele  granulata  (Linnr.) 

Cn/ptograptus  tricamis  (CajT.) 

In  the  Black  Grain — a  tributary  of  the  north  branch  of  the 
Cog  Burn — three  outcrops  of  the  radiolarian  cherts  appear  on 
separate  folds.  The  cherts  aie  associated  with  black  shales  on 
the  two  folds  furthest  down  the  stream ;  in  the  third,  the  grey- 
wackes  are  in  contact  with  the  cherts.  The  black  shales  are  so 
greatly  shattered  that  they  cannot  be  expected  to  yield  grap- 
tolites. 

Con  rig  Burn  (one  mile  X.  of  SanquharJ. — In  this  burn, 
at  a  point  about  a  quarter  of  a  mile  above  its  junction  with  the 
Crawick  Water  and  a  few  yards  above  the  bridge  leading  to 
Conrig  Farmhouse,  the  diabase-lava  is  to  be  seen  on  the  left 
bank.  This  rock  is  of  tlie  type  so  common  in  the  Southern  dp- 
lands.  It  weathers  with  a  rounded  pillow-shaped  surface,  and 
in  fresh  fracture  is  very  vesicular.  To  the  east  of  this  lava  a 
band  of  bi-eccia  contains  fragments  of  chert  containing  radiolaria, 
and  is  succeeded  by  greywackes  and  shales.  Further  down,  a 
more  acid  slaggy  lava  appears  in  the  bed  of  the  stream,  followed 
by  an  agglomerate  with  roimded  blocks  of  slaggy  lava.  A  few 
yards  above  the  bridge,  a  small  exposure  of  chei-is  shows  also 
a  pale  grey  vesictdar  igneous  rock.  At  the  bridge  dark  shaly 
clays  appear,  followed  by  massive  greywackes. 

Finglan(^  Burn  (Tributary  of  the  Loch  Bui*n,  1^ 
mile  N.E.  of  Sanquhar). — ^Nearly  m  the  line  of  strike  of  the 
aixih  in  the  Conrig  Bum,  the  volcanic  rocks  are  exposed  further 
to  the  north-east  in  Fingland  Bum,  and  again  on  Conrig  Hill. 
In  the  Fingland  Bum  they  consist  mainly  of  tufE,  visible  at 
intervals  in  the  stream  for  a  distance  of  about  130  yards,  and  also 
in  a  quarry  at  the  road-side  about  430  yards  south  of  Mossholm, 
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where  the  rock  has  been  quaiiied  for  building  stone.  This 
quarry  is  now  partly  covered  with  gi^ass,  but  the  rock  still 
pi-otrudes  thiiough  the  surface  in  two  or  three  places.  It  is  a 
grey  tufi,  composed  of  sub-augular  and  rounded  fragments  of 
various  slaggy  lavas.  The  largest  fragment  observed  was  1^ 
inch  long  by  J  of  an  inch  broad.  One  of  the  types  of  lava 
represented  among  these  blocks  is  a  pale  grey  diabase  full  of 
minute  rounded  vesicles  filled  with  zeolitic  materials  with  a 
black  glazed  surface.  Another  type  is  a  pink  vesicular  diabase. 
Here  and  there  occasional  crystals  of  augite  occur,  together  with 
other  minerals  which  are  probably  decomposed  pyroxenes. 
Some  of  the  finer-grained  fragments  of  lava  have  green  minerals 
as  inclusions.  The  matrix  is  cemented  by  carbonate  of  lime. 
The  average  size  of  the  volcanic  fragments  is  small,  but  in  a 
hand  specimen  its  fragmental  chai-acter  is  very  apparent.  The 
tuff  is  nearly  vertical  and  its  strike  is  E.  20*  N. 

On  the  north  side  of  the  quarry  a  few  feet  of  fine-grained 
slaggy  diabase-lava  appears,  like  some  of  the  fragments  in  the 
tuff.  From  the  blocks  of  lava  in  the  adjoining  walls,  which 
seem  to  have  been  quarried  at  tliis  spot,  it  is  probable  that  a 
thin  sheet  of  lava  is  here  associated  with  the  tuff.  Under  the 
microscope  the  latter  rock  is  identical  with  many  of  the  pillo-.vy 
lavas  associated  with  the  Arenig  cherts. 

In  the  ascent  of  the  Fingland  Bum,  the  first  exposuie  of  the 
tuff  is  to  be  seen  nearly  opposite  the  quarn''  just  referred  lo. 
Here  the  same  verticw  arrangement  of  tte  constituents  is 
obaei-vable.  A  mass  of  fine-grained  slaggy  lava,  about  two  feet 
across,  occurs  at  the  south  end  of  the  stream  section ;  but  may  be 
merely  a  large  included  block  in  the  tuff.  Beyond  this  outcrop 
of  tuff,  at  a  distance  of  40  feet,  a  band  of  shale,  about  one  foot 
thick,  is  visible  in  the  bed  of  the  stream.  Here  follows  a  blank 
in  the  section  for  four  yards,  when  the  tuff  again  appears  with 
sub-angular  fragments  of  lava.  The  most  noi-therly  exposure 
occurs  alwut  80  yards  south  of  the  bridge  leading  to  Clenries, 
where  fresh  specimens*  were  procured.  There  is  another  blank 
in  the  section  above  this  point,  but  underneath  the  bridge  lead- 
ing to  Clenries  Fai-mhouse  blue  vshale«  are  seen.  No  evidence 
appears  in  the  Fingland  Burn  to  show  the  relation  of  the  tuff  to 
the  radiolarian  cherts  or  younger  sediments,  or  the  continuance 
of  this  arch  to  the  south-West  as  far  as  the  Conrig  Bum,  nor  is 
there  any  proof  of  the  continuation  of  the  tuff  as  far  as  the  arch 
of  lava  on  Conrig  Hill. 

Conrig  Hill  (Three  miles  N.E.  from  Sanquhar).— On  the 
south-west  slope  of  the  Conrig  Hill,  about  the  1250-feet  contour 
line,  and  much  in  the  same  line  of  strike  as  the  volcanic  tuff 
in  the  Fingland  Bum,  another  exposure  of  igneous  rock  is  to  be 
found.  The  two  outerops  cannot  be  continuous,  however,  on 
the  surface,  for  on  the  slope  of  the  Conrig  Hill,  about  the 
1000-feet  contour  line,  greywackes  and  grit  can  be  seen  on  the 
slope  at  short  intervals,  "the  arch,  now  to  be  described,  is  of 
considerable  importance,  because  it  shows  the  relation  of  the 


300  The  iSiliwuni  Hocks  of  tkotUnul. 

Arenig  lava  to  the  radialariau  chertfi),  while  in  au  adjoiiiiug  fold 
there  is  a  sequence  from  the  cherts  to  Glenkiln  black  shales 
covered  apparently  nnconformably  by  a  brecciated  grit  or  con- 
glomerate. 

The  lava  occurs  on  the  noi-th  side  of  a  grassy  gully  occupied 
in  wet  weather  by  a  stream  which  issues  from  a  spiing.  The 
grey  and  dark  cherts,  charged  with  radiolaiia,  are  seen  in  two 
exposures  on  the  south  side  of  the  hollow,  dipping  towards  the 
K.N.W.  underneath  the  lava.  The  first  exposure  of  lava  met 
with  in  the  hollow  is  highly  decomposed,  but  a  few  yards  fuiiiier 
up,  the  same  rock,  in  a  fresher  condition,  resembles  the  lava  of 
Tewsgill,  near  Abington.  Still  higher  up,  tlie  rock  assumes 
the  character  of  a  highly  vesicular  diabase  and  foims  small  knobs 
that  project  through  the  grassy  covering.  The  exposed  length 
of  the  arch  of  lava  is  about  125  yards.  Along  the  noi-th  side  of 
the  fold,  the  igneous  material  is  not  seen  in  conjunction  with 
any  other  rock,  being  concealed  by  drift,  but  a  few  yards  north- 
wards the  g^ts  and  greywackes  supervene. 

On  the  south  side  of  the  arch,  and  only  a  few  feet  from  it, 
another  fold  runs  parallel  with  the  diabase-lava,  in  the  centre  of 
which  grey  and  dark  blue  cherts  with  radiolaria  are  visible.  In 
this  fold  also  a  grassy  hollow,  formed  by  a  rivulet  in  wet  weather, 
skirts  the  edge  of  the  radiolarian  cherts.  At  the  head  of  the 
gully,  black  shales,  shattery  and  disturbed,  are  seen  folding 
round  the  cherts,  while  the  outer  ring  of  the  fold  is  marked  by 
a  band  of  brecciated  grit.  The  black  shales  cannot  be  traced 
continuously  along  the  south  side  of  the  arch,  as  they  are  buried 
under  the  turf,  but  they  reappear  on  the  south  limb  of  the  fold. 
The  bottom  of  the  gully  is  covered  with  grass,  and  there  is  room 
for  the  outcrop  of  l£e  black  shales  along  the  northern  limb  of  the 
fold.  These  shales  are  so  shattery  and  cleaved  that  graptolites 
are  not  easily  obtained  from  them,  but  after  a  vigorous  search 
at  the  eastern  end  of  the  fold,  certain  forms  were  got,  proving 
the  position  of  this  band.  Certain  typical  Glenkiln  forma  occur, 
as  shown  in  the  following  list : 

Cixnograptus  gracilis  (Hall.)  Lasiogruptus  bimucronatiUi  (Nich.) 

, ,           pertenuis  (Lap w . )  ■  Diplograptus  foliaceus  (Murch . ) 

Cr]fptograptu8  tricmfiis  (Carr.)  ,,           eugli^hus  (Lapw.) 

Thamnograptus  typiLs  (Hall.)  Glimarogrdpt'us  bie^tmU  (Hall.) 

IHcranograptus  ramoaus  {KdXi.)  i               ,,              Scharenhergi  {1a^\\\) 

The  breccia  above  the  black  shales  at  the  eastern  limb  of  the 
fold  can  be  traced  continuously  along  the  north  side  of  the 
grassv  hollow.  Its  matrix  is  a  grit,  throughout  which  abundant 
angular  and  sub-angular  fi-agments  of  grey  and  black  chert  are 
scattered,  some  measuring  two  inches  across.  It  is  apparent  that 
this  brecciated  grit  overlying  the  Glenkiln  black  shales  indicates 
a  local  unconformability  at  this  spot.  The  cherts  must  have 
been  exposed  either  here  or  near  the  area  of  sedimentation. 

Certain  bands  of  black  shales  crop  out  to  the  south  and  south- 
east of  the  Conrig  Hill.     On  the  moor  to  the  north  of  Brandleys 
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Cottage  cmslied  and  shattered  black  shales  with  thin  chert 
bands  are  vseen  in  a  quarry,  and  the  following  fossils  were 
obtained  from  them : 


Diemno^mpetM  minimiu  (Lapw.) 
Diphgraptus  mueroncUus  (Hall.) 
(xlossograptus  Hincksi  (Hopk.) 


Oryptoffraptus  tricomis  (Carr.) 
AcrotheU  gra/Mdaia  (Linnr.) 
Acrotreta  NichoUoni  (Dav.) 


In  a  small  tributary  of  the  Coal  Bum,  one-third  of  a  mile 
west  of  Shiel  Bum,  near  Brandleys  cottages,  to  the  east  of  the 
quarry,  beside  a  sheep  ree,  black  shales  are  visible,  which  yielded 
me  following  fossils : 


Thamnograptus  typus  (Hall.) 

„  scotictis  (Lapw.) 

Crgpio^raptus  tricomis  (Carr.) 

Dierafwgrapitu  zic-zac  (Lapw.) 

,,  mtnimus  (Lapw.) 

,,  ramo*u«  (Hall.) 

Dicdlograptus  moffatensis  (Carr.) 


DiceUograptus  ieoUans  (Hall.) 

,,  pattdosua  QLapw.) 

Climacograptua  bicomis  ^all.) 
,,  pdtifer  (Lapw.) 

Gotynoides  ealyctdaris  (Nich.^ 
Diplograptus  foUaceus  (Murcn.) 


About  90  yards  up  this  stream  from  the  sheep  ree,  an 
interesting  section  of  black  shale  occurs  in  which  the  shale 
varies  in  tint  from  dark  blue  to  black,  breaks  into  fine  slabs,  and 
yields  a  peculiar  assemblage  of  ^raptolites,  which  probably 
indicate  the  horizon  of  the  base  of  the  Lower  Hartfell  group. 
The  following  forms  were  here  obtained : 


Climttcograptus  bicomis  (Hall.) 

, ,  var.  triderUatus  (Lapw. ) 

OryptograptiAs  incomtt  (Carr.) 
Diplograpt'us  foliaceus  (Murch.) 


Climacograptus  caudixtiis  (Lapw.) 

,,  Scharenbergi  (Lapw.) 

Corynoides  calycularis  (Nich.) 
Acrotreta  NichoUoni  (Dav.) 


There  is  here  no  great  variety  of  forms,  but  their  mode  uf 
occurrence  is  noteworthy.  Some  of  the  slabs  are  crowded  with 
Corynoides  calycidarU^  others  with  Acrotreta  NicholBonii,  Another 
characteristic  is  the  prevalence  of  a  species  of  Climajcogra/ptus  of  the 
caudjdtiis  type. 

Towards  the  col  at  the  head  of  the  Shiel  Bum,  on  the  south- 
eat^t  side  of  Conrig  Hill,  shattery  dark  shales  are  seen  in  a  gully 
at  the  head  of  a  stream  that  draine  into  the  Cog  Bum.  They 
contain  Cryptogra/ptiis  tricomis,  Climdcograptus  bicomiSj  DiceUo- 
graptus sextans,  D,  pattdosuSf  Lasiograptus  bimiicronatus,  D.  foliaceus, 
and  Acrotreta. 

Glendyne  Bur n. — ^This  stream,  an  important  tributary 
of  the  Menock  Water,  drains  the  high  ground  south-west  of 
Wanlockhead.  About  a  mile  from  the  head  of  the  stream, 
several  small  exposures  of  the  volcanic  zone  beneath  the  radio- 
larian  cherts  are  interesting,  because  the  character  of  the  lava 
on  the  various  folds  closely  resembles  that  of  the  fine-grained 
diabase  type  so  common  in  the  Ballantrae  and  other  areas.  On 
the  soutli  slope  of  the  Glendyne  Bum,  solid  rock  gives  rise  to 
debris.     Tust  below  the  point  where  the  "Rough  Clench  joins  the 
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main  stream  the  radiolarian  cherts  are  seen,  overlain  by  about 
30  feet  of  diabase-lava  forming  the  core  of  an  isoclinal  fold; 
which  is  succeeded  on  the  slope  by  the  cherts  and  a  second  small 
exposure  of  the  lava  and  cherts.  These  are  followed  by  grey- 
wackes,  grits,  and  shales,  but  at  one  or  two  points  thin  seams  of 
shattered  black  shales  intervene  between  the  cherts  and  grey- 
wackes.  These  are  too  much  shattered  and  corrugated  to  vie  id 
more  than  traces  of  graptolites.  Further  down  the  stream,  but 
only  a  short  distance  off,  the  Arenig  lava  again  appears  on  the 
south  slope,  associated  with  the  radiolarian  cherts  and  black 
shales,  which  contain  the  following  among  other  fossils:  Cory- 
noides  cah/cularis,  Diphgraptiis  foli<vceus,  and  Cryptograpius  tricomis. 
The  black  shale  is  here  lumpy,  and  yields  graptolites  sparingly. 

Lower  in  the  glen,  the  radiolarian  cherts  are  again  seen  at 
the  head  of  a  small  gully  on  the  south  side  of  the  valley — pro- 
bably a  continuation  of  the  fold  that  reveals  the  lava  higher  aj> 
the  Nether  Rough  Clench.  At  a  small  tributaiy  of  the  Glendyne, 
from  the  south,  the  radiolarian  cherts  and  black  shales  are  met 
with  on  two  separate  folds,  distant  about  60  yards  from  each 
other.  In  the  southmost  exposure  the  black  shales  appear  only 
on  the  north  side  of  the  cherts,  while  in  the  more  northerly  fold 
the  black  shales  occur  on  both  sides  of  the  radiolarian  zone.  On 
the  north  side  of  the  latter  fold  the  black  shales,  though 
reduplicated  by  folding  and  much  shattered  and  crushed,  have 
supplied  the  following  fossils : 

Ccenograptus  mrcularis  (Hall.)  Clinuicograptua  Schdrenherff^i  (Liapw.) 

Oryptograptus  tricomiH  (Carr.)  Dicellograptu^  sextmu  ^Hall.) 

Climacograptiut  hicomu  (Hall.)  Corynoides  calycularis  (Nich.) 

In  the  higher  reaches  of  the  Glendjnie  Bum,  rocky  scars 
display  the  clavey  shales  with  abundant  white  mica,  which 
overlie  the  Glentiln  black  shales.  Weathering  with  a  yellowish 
tinge,  and  containing  occasionally  more  sandy  layers,  thoy 
closely  resemble  the  yellow  shales  yielding  Maelnrea  in  the 
Carcoside  Bum. 
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CHAPTER  XV. 

THE  NORTHERN  BELT— con^mt/erf. 

AKELXIG,  LLANDEILO,  AND  CAHADOC   FORMATIONS  OF  THE   LEADHILLS 

DISTRICT — continued. 

We  may  now  trace  the  black  shale  bands  which  lie  within  a  belt 
extending  from  Bail  Hill,  three  miles  north-west  from  Sanquhar, 
by  Kiln  Bum,  Spotf  ore  Bum,  and  Corsebank,  in  the  basin  of  the 
Crawick  Water,  to  Snar  Castle  and  the  Shiel  Bum  south  of 
Crawfordjohn.  This  belt  of  ground  furnishes  evidence  of  the 
lateral  modification  of  tlie  Lower  Hartfell  group  in  the  direc- 
tion of  the  northern  margin  of  the  tableland.  While  the  Glen- 
kiln  Shales  in  the  neighbourhood  of  Bail  Hill  still  present  the 
normal  lithological  type  of  the  Moffat  region  with  their  zonal 
fossils,  the  highest  zone  of  the  Hartfell  black  shales  has  dis- 
appeared, and  its  persistent  form  Climaeograptus  caudatus 
occurs  in  a  thin  dark  seam  in  brown  sandy  shales  near 
Carco,  east  of  Bail  Hill.  No  less  interesting  is  the  important 
development  of  Silurian  volcanic  rocks  on  Bail  Hill,  and  the 
bands  of  andesite-lava  and  tuff  interstratitied  with  the  Lower 
Caradoc  Rocks  of  Craignorth  Hill  and  other  localities.  While 
describing  the  various  outcrops  of  the  Moffat  series  along  this 
belt  of  ground,  we  ought  to  point  out  that  they  occur  on  various 
compound  folds  separated  by  coarser  sediments,  some  of  which 
are  composed  of  conglomeitites  indicating  local  unconforma- 
bilities.  It  ought  further  to  be  borne  in  mind  that  the  black 
shale  bands  can  be  traced  for  no  great  distance,  as  they  are  buried 
to  the  north-east  and  south-west  under  younger  deposits. 

Bail     Hill     Volcanic     Area. — ^By  far  the   most  im- 

E)rtant  volcanic  area  in  the  Silurian  Tableland,  after  that  of 
allantrae,  is  to  be  found  round  Bail  Hill,  about  three  miles 
north-west  of  Sanquhar.  Truncated  on  the  west  side  by  the 
fault  which  bounds  the  Carboniferous  basin  of  Upper  Nithsdale, 
the  volcanic  materials  occupy  an  area  of  about  three-quarters  of 
a  square  mile,  and  rise  to  a  height  of  1474  feet  on  Bail  Hill. 
Small  though  it  be,  this  limited  tract  is  remarkable  for  the 
peculiar  types  of  lava  and  agglomerate  which  it  contains.  Several 
stream  sections  traverse  the  western  slope,  but  the  volcanic  rocks 
may  be  studied  to  advantage  on  the  numerous  rocky  knolls  near 
Cat  Clench  and  to  the  south-west  of  Bail  Hill  (Figs.  73,  74,  75). 

The  physical  relations  of  the  strata  point  to  the  conclusion 
that  these  volcanic  materials  were  erupted  mainly  during  Arenig 
time,  for  the  Arenig  cherts  are  found  in  contact  with  them  at 
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the  south-east  margin,  and  small  outliers  of  chert  likewise  occur 
within  the  volcanic  area.  But  while  this  is  true,  there  are 
certain  sections  in  the  southern  part  of  the  tract  where  lavas  are 
80  interstratified  with  black  shales  yielding  Glenkiln  graptolites 
as  to  suggest  that  some  local  eruptions  may  have  taken  place  in 
Upper  Llandeilo  time. 

At  the  south-east  boundaiy  of  the  tract,  near  the  margin  of 
the  Sanquhar  coal-field,  a  small  bum,  named  the  Cat  Cleuch, 
a  tiibutMy  of  the  Tower  Bum,  traverseei  a  part  of  the  volcanic 
area.     Near  the  spot  where  this  stream  crosses  the  old  road 
between  Sanquhar  and  Muirkirk,  an  excellent  section  may  be 
seen  of  highlv  puckered  green  cherts  with  abundant  radiolaria 
(C.  Fig.  73,  E.S.E.  limit  of  section),  associated  with  a  thin  band 
of  ashy  material.     Descending  the  slope  to  a  point  about  100 
yards  south-west  of  the  hill-road  we  find  the  radiolarian  cherts 
close  to  volcanic  agglomerate   (ITs,   Fig.   73,   E.S.E.  limit  of 
section).     The  junction  is  not  visible,  as  it  is  covered  with  turf, 
but  the  distance  between  the  two  rocks  is  not  more  than  a  few 
feet.     A  microscopic  section  (No.  6817)  of  a  specimen  taken  from 
the  a^lomerate  at  this  locality  shows  that  the  "  rock  is  composed 
of  detached  crystals  of  augite,  hornblende,  and  felspar,  and  frag- 
ments of  andestic  rocks.     The  rock  fragments  are  not  all  of  the 
same  type;   some  contain  large  phenocrysts  of  plagioclase  and 
hornblende,  similar  to  those  which  occur  isolated  in  the  rock,  in 
a  microlitic  matrix ;  others  are  without  phenocrysts.     One  frag- 
ment is  mainly  composed  of  microlitic  felspars  vhich  show  a 
tendency  to  assume   a  feathery  mode   of   aggregation."     The 
foregoing  type  of  homblende-andesite-tuff  is  met  with  on  the 
slope  towards  the  sheep-ree  and  the  stone  fence  that  crosses  the 
Cat  Cleuch  Bum.     A  specimen  (No.  6818)  taken  from  the  rdcky 
knolls  jnst  above  this  fence  shows  under  the  microscope  **  crystftls 
and  crystal  fragments  of  pale  brown  hornblende  very  abundant, 
fragments  of  felspar  and  augite  much  less  abundant,  and  some- 
what vague  rock  fragments." 

On  the  other  side  of  the  stone  fence  near  the  sheep-ree  in  the 
Cat  Cleuch,  fine-grained  tuff  appears  with  augite  crystals.  On 
the  east  bank  brecciated  black  shales  occur,  in  contact  with  the 
fine-grained  tuff.  Further  down,  on  the  same  bank,  black  shales 
yield  Glenkiln  graptolites,  followed  by  radiolarian  cherts.  On 
the  opposite  bank,  about  100  yards  below  the  stone  fence,  from  a 
small  exposure  of  black  shales,  the  following  Glenkiln 
graptolites  in  fairly  good  preservation  were  collected : 

Didymoffraptus  mpentes  (Lapw.)  ClirrMcograptus  ScKdrenhergi  (Lapw.) 


CoenograptuB  gramlu  (Hall.) 


hicomis  (Hall.) 


,,  |)ertenuM  (Lapw.)  ,,  peltif er  (lApyr,) 

Oryptogrxiptus  tricomis  (Carr.)  Olonaograptu^t  Kincksi  CHopk.) 

DweUcgraptus  sextans  (Hall.)  Diplograptiis  euglyphus  (Lapw.) 
„            moff (Uensis  (CsoT.)  ,,  fdiaceus  (i/laTch.) 

A  few  yards  down  stream  from  this  section  of  black  shales,  an 
intrusive  igneous  rock,  resembling  a  mica-trap,  occurs  in  the 
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course  of  the  bum  where  it  traverses  the  radiolarian  cherts. 
Near  the  spot  where  the  fault  that  bounds  the  Carboniferous 
basin  crosses  the  Cat  Cleuch,  the  latter  receives  a  small  tributary 
on  the  north  side^  which  furnishes  the  following  section.  In  the 
lower  part  of  its  course  the  intrusive  rock  just  referred  to  appears 
where  it  clearly  pierces  the  radiolarian  cherts.  The  microscopic 
examination  of  a  specimen  (No.  6816)  from  this  locality  shows 
that  the  rock  contains  "  phenocrysts  of  biotite,  felspar  (altered, 
but  apparently  for  the  most  part  plagioclase),  and  apatite,  in  a 
reddish-brown  turbid  matrix  with  carbonates.  The  apatite 
occurs  in  considerable  abundance  as  limpid  crystals,  which  are 
often  as  large  as  the  porphyritic  felspars."  In  general  appear- 
ance the  rock  resembles  a  mica- trap. 

About  200  yards  above  the  point  where  this  tributary  joins 
the  Cat  Cleuch,  evidence  bearing  on  the  relation  of  the  lavas  to 
the  Glenkiln  Shales  and  Areniff  cheris  is  visible.  The  radio- 
larian cherts  appear  at  a  bend  in  the  bum,  followed  by  black 
shales  and  volcanic  rocks ;  and  these  are  in  turn  succeeded  by 
27  feet  of  black  shales,  which  contain  graptolites  in  fairlv  good 
preservation,  proving  the  Glenkiln  horizon  of  the  shales,  as 
shown  in  the  following  list : 


Didymograptua  »Hperstea  (lApw.) 
Cotnograptus  sp. 
Diplograptua  eughjphus  (Lapw.) 
,,  foliaeeua  (Murch.) 

Oryptograptus  tiicomU  (Carr.) 


Dicdlograptus  sextans  (Hall.) 

,,  nioffatensis  (C^OT.) 

Dicrarwyrnptus  ramosiut  (HaU.) 
Glimacograptus  6icoi7iw  (Hall.) 
Glossograptus  Hincksi  (Hopk.) 


At  a  spot  about  three  feet  from  the  northern  margin  of  the 
band  the  following  forms  were  obtained  :  Bicranogra'phis  rayno^us, 
Dtplogro/ptus  foUaceiis,  Climacograptus  Schdreiihergiy  Cryptograptus 
trUomia.  These  black  shales  are  followed  by  a  bed  of  diabase-lava 
three  feet  thick,  and  a  band  of  black  shales  two  and  a  half  feet 
thick,  yielding  Dicellograptus  sextans,  Biphgraptus  foUw:euSj 
Climacograptus^  succeeded  in  turn  by  slaggy  diabase-lava.  As  the 
junction  between  the  lava  and  the  black  shales  was  here  exposed, 
and  no  fault  seemed  to  intervene,  it  is  not  improbable  that 
these  thin  lava- sheets  may  point  to  contemporaneous  volcanic 
action  in  Upper  Llandeilo  time. 

Above  this  point  the  stream  lays  bare  a  fine  section  of  the 
tuff.  Though  in  places  the  rock  at  first  sight  resembles  a  lava, 
its  fragmental  character  is  apparent  on  a  weathered  face.  A 
conspicuous  feature  in  it  is  the  abundance  of  large  ciystals  of 
augite  which  project  on  tie  weathered  surfaces,  and  which, 
where  the  matrix  is  highly  decomposed,  can  easily  be  removed. 
The  largest  crs-stal  observed  in  the  field  measured  about  an  inch 
across,  but  this  is  quite  exceptional.  Under  the  microscope,  a 
specimen  of  the  rock  taken  from  this  locality  (No.  6819)  is 
found  to  be  a  tuff  composed  "  of  large  fragments  of  a  coarsely 
porphyritic  augite-andesite.  The  augite  crystals  show  the 
common  forms,  and  are  yellowish  in  thin  sections.  The  felspar 
crystals  polarise  as  aggregates,  and  are  indeterminable  in  con- 
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sequence  of  alteration.  It  ia  interesting  to  note  that  both 
hornblende-  and  augite-andesites  have  been  broken  up  to  form 
these  tuffs."     (1  Ts,  Figs.  73,  74,  E.S.E.  limit  of  sections.) 

Westwards  this  peculiar  tuff  and  agglomerate  can  be  traced 
for  a  distance  of  300  yards  south  of  the  stone  fence  already 
mentioned,  where  it  contains  well-rounded  blocks  of  various 
igneous  rocks,  including  rabbro,  diorite,  granite,  andesite,  and 
lava  of  a  more  acid  type  man  any  found  in  the  neighbourhood. 
A  similar  coarse  agglomerate,  charged  with  blocks  of  gabbro 
and  pink  and  grey  granite,  is  visible  at  a  point  about  550  yards 
up  the  west  tributary  of  the  Cat  Cleuch.  Close  to  this  exposure 
a  band  of  fine-grained  andesite  or  diabase-lava  comes  to  the 
surface. 

In  the  streams  and  on  the  hill  slopes,  north-westwards  across 
the  area  in  a  direction  parallel  to  tlie  fault  bounding  the 
Sanquhar  coal-field,  the  volcanic  rocks  are  exposed.  The  coarse 
agglomerate  just  referred  to  is  succeeded  by  green  fine-grained 
diabase,  followed  by  a  mass  of  agglomerate  containing  fragments 
of  lava  and  blocks  of  a  pink  granitoid  rock,  which  is  visible  on 
the  slope  about  the  level  of  the  1000- feet  contour  line.  Further 
to  the  north-west,  a  small  scar  cut  by  a  streamlet  on  the  S.S.W. 
slope  of  Peat  Rig  (Figs.  73,  74)  gives  an  excellent  exposure  of 
porphyritic  lava  closely  resembling  the  beautiful  diabase- 
porphyrite  at  the  mouth  of  the  Currarie  Bum,  Ayrshire.  North- 
wards a  dii»tance  of  500  yards  the  volcanic  rocks  are  met  with  in 
occasional  knobs  on  the  slope.  Beyond  a  patch  of  covered 
ground  the  Grains  Bum  traverses  tne  north-west  part  of  the 
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Fia.  75, — Section  across  Bail  Hill  Volcanic  Area,  from  Guffock  Hill  to 

Sanquhar  Coalfield.     (Length,  one  mile.) 

16.  Diabase  lavas.  ITs.  Agglomerate  (Arenig).  21-  Glenkiln  Shales. 
2.  Grevwacke  and  shales  (Uandeilo).  3.  Conglomerate,  &c.  (Caradoc). 
d.  Carboniferous  series,     f.  Faults. 

volcanic  area.  In  this  stream  above  the  point  where  it  is  crossed 
bv  the  fault  bounding  the  Sanquhar  coal-field,  slaggy  lava  with 
elongated  vesicles  is  visible,  followed  by  rather  fine-grained 
agglomerate  with  sub-anffular  fragments  of  igneous  rocks.  In 
a  rocky  gorge  a  remarkaole  rock  is  to  be  seen,  having  a  fine- 
grained matrix  with  porphjTritic  felspar  and  biotite.  Under 
the  microscope  (No.   6820)   it  shows  "  phenocrysts   of  altered. 
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felspai*  and  biotite  in  a  inicrolitic  giuuud-mas^/*  and  ha«  lieen 
termed  by  Mr.  Teall  a  biotite-andesite  (1  Po,  Fig.  73). 

About  half  a  mile  above  the  Sanquhar  basin,  the  Orains  Bum 
divides,  one  branch  running  south  from  the  slope  of  QufEock 
Hill.  The  lower  part  of  this  rivulet  crosses  the  biotite-andesite, 
which  is  succeeded  northwards  bv  a  well-marked  agglomerate 
which  dips  towards  the  north  and  contains  small,  well-rounded 
blocks  of  biotite-andesite  (1  Ts,  N.N.W.  of  Grains  Bum,  Fig.  74). 
About  130  yards  above  the  fork,  this  agglomerate  is  abruptly 
truncated  by  a  fault  (f,  N.N.W.  of  Grains  Bum,  Fig.  74),  which 
brings  slightly  conglomeratic  greywackes  and  shales  in  contact 
with  the  volcanic  series.  At  the  faidt,  pebbles  of  the  Arenig 
igneous  rocks  are  found  in  the  conglomerate,  probably  indicating 
that  these  volcanic  rocks  may  have  been  exposed  to  denudation 
before  the  overlying  conglomerate  was  formed. 

Returning  now  to  the  hill  slope  north  of  the  Grains  Bum,  the 
observer  finds  biotite-andesite  lava  at  intervals  for  a  distance  of 
200  yards  north-west  of  that  stream.  Near  this  spot,  within  the 
volcanic  area,  black  shales  and  cherts  form  a  small  patch  about 
70  yards  north-east  from  the  edge  of  the  Carboniferous  rock^ 
(C,  2\  Figs.  73,  75,  N.  of  Grains  Bum).  A  second  patch  of 
red  mudstones  and  radiolarian  cherts  appears  about  100  yards 
further  to  the  north,  followed  by  the  lava  for  a  distance  of  about 
100  yards.  This  is  the  most  northerly  exposure  of  the  volcanic 
rocks  near  the  Carboniferous  basin  (Fig.  73).  A  third  patch 
of  radiolarian  cherts  and  mudstones  with  black  shales  appears 
within  the  volcanic  area  to  the  east  of  those  just  described,  and 
almost  due  south  of  Guffock  Hill. 

On  Bail  Hill,  which  forms  the  north-eastern  part  of  the  vol- 
canic area,  there  are  few  exposures  of  solid  rock ;  but  to  the 
south-east  of  the  cairn,  and  not  far  from  the  top,  diabase-lava  is 
visible  at  apoint  where  a  quarry  has  been  opened  for  dyke- 
building.  The  lava  is  also  seen  on  the  northern  spur  of  the  same 
hill. 

The  volcanic  materials  within  this  limited  area  comprise  lavas 
of  andesite,  diabase,  diabase-porphyrite,  and  biotite-andesite; 
while  the  pyroclastic  materials  include  augite-  and  homblende- 
andesite  tufp,  biotite-andesite  tuff,  and  agglomerate.  The 
character  of  the  agglomerates  and  their  prominent  development 
within  such  a  small  area  probably  point  out  the  site  of  an  old 
volcano  in  Arenig  time. 

We  must  now  consider  the  relations  of  these  Arenig  volcanic 
rocks  to  the  overlying  sediments  along  the  north  and  east  sides 
of  the  tract.  Along  the  north  side  a  fine  development  of  Arenig 
cherts  may  be  seen,  but  not  in  immediate  oontAct  with  the  lavas. 
From  a  point  near  the  margin  of  the  coal-field  they  can  be  traced 
eastwards  over  the  cre^t  of  the  Guffock  Hill  in  the  direction  of 
the  Kiln  Bum.  Black  shales,  with  imperfectly  preserved  grap- 
tolites,  are  associated  with  these  cherts  near  the  margin  of  the 
coal-field  and  on  both  sides  of  the  outcrop  of  Guffock  Hill,  but 
at  one  or   two  spots  these  black   shales   yield  a   characteristic 
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assemblage  of  Glenkiln  forms  (2',  Fig.  75,  Guffock  Hill).  The 
sediments  in  visible  contact  with  the  Arenig  lavas  and  tuffs  on 
the  north  side  of  the  area  are  younger  than  the  Arenig  cherts, 
and  probably  form  part  of  an  unconformable  series,  because 
they  contain  rounded  blocks  of  the  volcanic  rocks.  Moreover, 
they  are  broiight  into  their  present  position  by  the  f aidt  already 
referred  to  (Fig.  75),  which  is  seen  in  the  small  branch  of  the 
Grrains  Bum  that  drains  the  south  slope  of  Guffock  Hill. 

Eetuming  to  the  section  laid  bare  in  the  tributcuy  of  the 
Grains  Bum  just  referred  to,  and  ascending  that  tributary  from 
the  margin  of  the  volcanic  rocks,  we  find  conglomerate,  grey- 
wackes,  shales,  and  grits  for  a  short  distance.  These  are  suc- 
ceeded by  black  shales  exposed  on  three  separate  anticlines,  with 
greywackes  and  shales  intervening.  About  250  yards  above  the 
fault  the  following  Glenkiln  assemblage  of  fossils  was  obtained : 

Didymograptus  superstes  (Ia^w.)  IXplograpttu  ev^lyphus  (lApw.) 

Comograptus  sp.  :   LasiograptvA  himucronatus  (Nich.) 

Dicranograptua  ramosus  (Hall.)  i    Climacograptvs  bicomis  (Hall.) 
,,              minimAJLS  (Lapw.)  Glossograptus  Hincksi  (Hopk.) 

CryptograpiuB  tricomis  (Carr.)  DicdCograptua  moffatensis  (Carr.) 

F'urther  up  stream,  on  another  fold  of  the  Moffat  series,  a 
limestone  noaule,  from  two  to  three  feet  long,  was  observed  in 
the  black  shales,  which  afforded  the  following  forms :  Dicrano- 
grajjtus  ramosus,  Liplograptus  foliaceus,  Diplograptus  euglyphus, 
ClimacograptiLSy  and  Acrothde  granulata.  These  strata  are  suc- 
ceeded by  blue  shales  with  thin  bands  of  greywacke,  and,  after 
a  blank  in  the  section,  by  a  fine  development  of  radiolarian  cherts 
which  continues  for  some  distance  up  stream.  Northwards  they 
are  followed  by  dark  blue  shales  up  to  the  old  hill-road  (Fig.  74, 
Guft'ock  Hill,  Road). 

About  500  yards  to  the  west  of  the  same  tributaiy,  a  dry 
gully  descends  the  south  slope  of  Guffock  Hill,  which,  running 
nearly  north  and  south,  exposes  a  section  along  part,  of  its 
course.  In  the  higher  portion,  the  black  shales  come  to  ilie 
surface  on  the  north  limb  of  a  fold  of  Arenig  cherts  (2*,  Fig.  75), 
but  south  of  this  zone  there  is  a  blank  in  the  section  for  a  short 
distance ;  soon,  however,  grey  shales  appear  with  black  strains, 
followed  by  a  conglomerate  in  immediate  contact  with  the 
volcanic  rocks. 

Along  the  east  side  of  the  Bail  Hill  area,  the  relations  of  the 
volcanic  zone  to  the  overlying  sediments  ai-e  buried  under  a 
covering  of  turf  and  drift,  but  the  radiolarian  cherts  are  seen  at 
two  or  thi-ee  localities,  as,  for  example,  on  the  moor  about  700 
yards  S.S.E.  of  the  top  of  Bail  Hill,  and  at  the  head  of  the  Stood- 
fold  Bum,  a  tributary  of  the  Kiln  Bum. 

Kiln  Bur  n. — ^Immediately  to  the  north  of  Bail  Hill,  two 
small  streams  unite  to  form  the  head-waters  of  the  Kiln  Burn, 
which  flows  southwards  to  join  the  Grawick  Water  north  of 
Carco' Mains.     Various  folds  of  the  Arenig  cherts  and  Glenkiln 
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l)lack  shales  occur  in  the  course  of  this  sti'eam,  together  with 
younger  sediments,  some  of  which  indicate  local  unconformar 
biUties.  Contemporaneous  volcanic  rocks  likewise  appear,  the 
horizon  of  which  is  defined  by  the  graptoUte  zones  in  association 
with  them. 

In  the  weetmost  branch  of  the  Kiln  Bum  to  the  north  of  Bail 
Hill,  an  arch  of  Arenig  cherts  and  Glenkiln  black  shales  may 
be  seen  near  the  head  of  the  streamlet ;  indeed,  it  appears  to  be 
the  easterly  prolongation  of  the  fold  of  cherts  already  described 
as  extending  from  the  margin  of  the  coal-field,  over  the  crest  of 
Guffock  Hill  in  the  direction  of  the  Kiln  Burn.  The  centre  of 
this  arch  is  occupied  by  the  red  cherts,  followed  by  the  green 
cherts,  in  which  radiolaria  are  abundant.  On  the  north  limb 
of  the  fold,  in  normal  sequence  after  the  green  cherts,  come  black 
cherts  with  clayey  shales,  succeeded  by  alternations  of  black 
shales  with  green  and  white  shales  like  fireclays.  The  lowest 
band  of  black  shales  yielded  the  following  characteristic  assem- 
blage of  g^ptolites  belonging  to  the  Glenkiln  group  : 


Didymograptus  mperstes  (Lapw.) 
CoRnograptus  grcLcilis  (Hall.) 
, ,  pertenuis  (Lapw. ) 

,,  aurcvlaris  (Hall.) 

Dicranograptus  minimus  (Lapw.) 

„  ram/yaus  (Hall.) 

Lasiograptus  HmAicranatvs  (Nich.) 
Diplograptxis  euglyphus  (Lapw.) 
„  f<iiaceu9  (Murch.) 


Diplograptus  perexcavatus  (Lapw.) 
Cryptograptu3  tricomis  (Carr.) 
Climacograpttis  bicomis  (Hall.) 

,,  Schdrenbergi  (Lapw.) 

DiceUograptua  sextans  (Hall.) 

,,  patvlosus  (Lapw.) 

,,  7noffatensts  (CanT.) 

Corynoides  calyctUaris  (Nich.) 
Acrothele  granulata  (Linnr.) 


Northwards  these  black  shales  are  succeeded  by  alternations  of 
grey  clays  and  black  shales,  and  at  a  point  about  ten  yards  above 
the  last  named  f ossilif eroiis  locality  the  black  shales  furnished : 


Climacograptus  ccelatus  (Lapw.) 
Didymograptus  superstes  (liipw.) 
Coenograptus  sp. 


ClimacograpUt^  bicomis  (Hall.) 
Cryptograptus  tricornis  (Carr.) 
Dicellograjytus  sextans  (Hall.) 


Grey  shales  and  greywackes  appear  in  the  stream  to  the  north 
of  this  development  ol  the  Glenkiln  black  shales. 

On  the  south  side  of  the  arch,  the  cherts  are  succeeded  by  a 
thin  band  of  crushed  black  shales,  followed  by  an  alternation  of 
greywackes  and  shales.  Within  a  short  distance  a  band  of  bla<5k 
shales  is  met  with  in  tlie  stream,  yielding  graptolites  in  a  frag- 
mentary form.  Further  down  the  stream,  grey  shales  and  grey- 
wackes are  met  with  as  far  as  a  point  about  70  yards  above  a 
stone  fence  on  the  south  side  of  the  valley.  Here  a  remarkable 
conglomerate,  evidently  indicating  a  local  unconfonnability,  is 
well  seen  on  both  banks  of  the  stream.  Its  matrix  consists  of 
grey  and  brown  clayey  or  shaly  substance,  in  which  are  embedded 
blocks  of  various  materials.  The  largest  of  these  consist  of  grey 
grejnvacke,  which  are  well  rounded,  and  frequently  attain  a  great 
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size,  some  measuring  about  three  feet  across.  In  places  the  con- 
glomerate consists  of  an  assemblage  of  angular  and  sub- 
angular  fragments  of  black  shales,  yielding  the  following  typical 
Glenkiln  graptolites  :  Dtdymograptica  superstes,  IXcellograptvs, 
BicrwrtograptiLS^  JDiplograptus.  The  conglomerate  rests  on 
black  shales,  and  at  this  point  it  is  composed  chiefly  of  black 
shale  fragments.  Still  further  down,  near  the  fork  of  the  bum, 
it  contains  well-rounded  blocks  of  greywacke,  with  small  frag- 
ments of  radiolarian  chert. 

Near  the  foot  of  the  Sow  Burn — a  small  stream  which  drains 
the  south  slope  of  the  Cocker  Hill — a  conglomerate  occurs  with 
fragments  of  red  cherts,  and  a  little  further  up  black  shales 
appear  on  the  strike  of  the  band  in  the  Kiln  Bum  that  seems  to 
be  overlain  by  the  conglomerate.  After  a  blank  in  the  stream, 
the  conglomerate  ?is  again  seen,  followed  by  grey  cherts  and 
black  shales,  while  further  up  stream  the  conglomerate  is  once 
more  exposed  in  another  fold.  In  this  tributary  stream  there 
are  three  outcrops  of  con^omerate  separated  by  the  underlying 
cherts  and  black  shales.  jBeyond  the  final  exposures  of  the  con- 
glomerate, black  shales  are  seen,  followed  by  greywackes  and 
shales,  the  latter  occupying  a  space  of  200  yards.  These  are 
followed  by  black  shales,  ffrey  and  green  cherts,  and  by  the  red 
cherts,  exi^sed  in  descek^g  order  The  strike  of  this  fold  of 
radiolarian  chert  and  black  snales  lies  further  to  the  north  than 
any  of  those  exposed  on  the  north  side  of  the  Bail  Hill  or  in  the 
£iln  Bum.  The  general  dip  of  the  strata  in  this  tributary 
stream  is  to  the  north-west ;  hence  the  folds  are  isoclinal. 

Eastwards  from  its  fork  the  Kiln  Bum,  north  of  the  top  of 
Bail  Hill,  for  nearly  a  third  of  a  mile  flows  obliquely  across  the 
strike  of  an  alternating  series  uf  conglomerates,  greywackes,  and 
shales.  The  conglomerate  along  this  part  of  the  stream  course 
varies  in  character — sometimes  it  is  composed  chiefly  of  well- 
rounded  fragments  of  greywacke,  sometimes  it  is  a  brecciated 
mass  of  radiolarian  chert,  while  again  it  is  made  up  chiefly  of 
sub-angular  fragments  of  black  shales.  At  the  bend  where  the 
Kiln  Bum  flows  towards  the  south,  and  at  the  junction  of  a 
small  streamlet  from  the  north,  an  excellent  example  of  the 
last  type  is  seen,  where,  from  one  of  the  included  fragments 
of  black  shale,  the  following  graptolites  were  collected  : 
Didymograptus  supersteSy  Coenograptus  gracilis,  C.  pertenuis, 
Diplograpttis  euglyphus,  D.  foUaceus,  Climacograpius  Schdreribergi, 
The  conglomerate  appears  at  intervals  for  a  distance  of 
about  100  yards  below  the  marked  bend  towards  the  south,  and 
is  succeeded  by  greywackes  and  grits  with  black  shale  galls,  and 
eventually  by  dark  blue  micaceous  and  felspathic  shales,  with 
fragments  of  graptolites,  including  Dicranograptus  ramosus  and 
Climacograpius  Schd/renbergi,  the  average  dip  of  the  strata  being 
towards  the  N.N.W.  at  60^ 

At  the  foot  of  the  Stoodfold  Bum,  that  joins  the  Kiln  Bum 
about  three-quarters  of  a  mile  north  of  Carcoside,  a  small 
development   of  volcanic  rocks    may    be   seen  which   evidently 
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cxjcupy  a  higher  horizon  than  those  of  Arenig  age.  They  extend 
westwards  along  the  south  bank  of  the  Stooofold  Bum  for  a  dis- 
tance of  300  yards,  where  a  volcanic  breccia  is  visible,,  containing 
rounded  bombs  of  diabase-lava,  and  on  the  top  of  the  same  bank, 
diabase-lava,  like  the  blocks  in  the  tuff,  appears, 
lent  sections,  too,  are  to  be  found  on  the  west  bank  of  the 
Kiln  Bum,  where  the  tufE  contains  minute  fragments  of  black 
shales.  Under  the  microscope  the  rock  (No.  6825)  is  found  to  be 
"  largely  composed  of  fragmentary  felspars  (mostly  plagioclase) 
and  bits  of  altered  igneous  rock.  Biotite  is  also  present"  In 
the  bed  of  the  Kiln  Bum  below  the  junction  of  the  streams,  the 
tuff,  where  it  forms  a  series  of  cascades,  merges  into  an  ashy 
grit,  with  recognisable  fragments  of  black  shales,  and  is  there 
interleaved  in  grey  and  blue  shales.  A  few  yards  below  these 
water-falls  the  agglomerate  and  lava  are  visible  on  the  west  bank. 
A  microscopic  examination  of  the  lava  (No.  6824)  shows  it  to  be 
composed  of  "  phenocrysts  of  idiomorphio  hornblende  and  felspar 
(the  former  now  only  represented  by  pseudomorphs  largely  com- 
posed of  carbonates)  in  a  microlitic  matrix,"  the  rock  being 
named  by  Mr.  Teall  a  homblende-andesite. 

"We  have  now  to  consider  the  sediments  in  contact  with  this 
narrow  volcanic  zone,  which  does  not  exceed  thirty  yards  in 
breadth.  On  the  north  side,  at  the  junction  of  the  Stoodfold  and 
Kiln  Bums,  blue  and  grey  shales  dip  towards  the  N.X.W.  at 
angles  varying  from  50''  to  60"" ;  along  the  strike  of  these  beds,  a 
few  yards  to  the  north-east,  near  the  foot  of  the  Shiel  Bum — 
a  trihutarv  from  the  e^st. — certain  dark  shales  afford  Bicrano- 
graptus  ratnostis,  Clirnacograpttcs  ScMrenhergi,  BiceUogrcuptus  Forch- 
haniTneri,  and  Corynoides  calycularis.  At  a  point  350  yards  up 
Stoodfold  Bum  from  its  junction  with  the  Kiln  Bum  dark  blue 
shales  succeed,  with  black  seams  charged  with  iron  pyrites  and 
containing  numerous  white  specks.  The  dark  seams  are  fossil- 
iferous,  and  have  yielded  the  following  fossils: 


Clhna^cograptus  peltifer  (Lapw.)  Dicranograptus  ramosus  (Hall.) 

,,  Schcirenbergi  (Lapw.)  DiceUograpUat  Forchhammeri  (G^ein.) 

Cryptograptus  trirtyniis  (CaiT.)  ,,  sextan*  (Hall.) 

Diplograptus  folUic^Uii  (Murch.)  Acrotreta  NichoUwni  (Dav.) 


Again  on  the  south  side  of  the  volcanic  zone  in  the  Kiln  Bum, 
similar  dark  blue  shales  with  white  specks  dip  southwards, 
off  the  lava,  at  60°,  yielding  Dicra/nograpUis  ramosus  and  ClimacO" 
graptus  Schdrenhergi,  From  the  evidence  now  adduced  it  is  not 
improbable  that  this  volcanic  zone  may  be  on  the  horizon  of  the 
passage  beds  between  the  Glenkiln  (Upper  Llandeilo)  and  Hart- 
fell  black  shales  (Lower  Caradoc). 

In  the  Kiln  Bum  below  the  outcrop  of  volcanic  rocks,  flaggy 
blue  shales  with  yellow  calcareous  ribs  and  nodules  are  followed 
by  massive  grits  and  greywackes,  in  the  mid^t  of  which  there  is 
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a  fold  of  black  shales  yielding  the  following  undoubted  Glenkiln 
f oims : 


Didymograptua  mperstes  (Lapw.) 

Ckenoffraptus  gracUis  (Hall.) 
, ,  pertenuu  (Lapw. ) 

Dicrcmograptus  ramoaua  (Hall.) 
, ,  formoaus  (Hopk . ) 

Climacograptus  hicomia  (Hall.) 
t,  peUifer  (Lapw^ 

,,  Scharenbergi  (Lapw.) 

Cryptograptus  tricomis  (Carr.) 


Lasiograptus  bimucnmatus  (NicK.) 
Diplograpivs  euglyphua  (Lapw.^ 
, ,  foliaceus  (Murch. ) 

„  perexca/vatus  (Lapw.) 

DiceUograptus  sextans  (HaU.) 

,,  potvloauB  (Lapw.) 

„  ,,    var.  B.  (Lapw.) 

Carynoides  sp. 


About  200yards  N.N.W.  of  Carcoside  Farmhouse,  in  a  rivulet 
joining  the  Kiln  Bum  from  the  south-west,  a  band  of  vesicular 
diabase-lava  occurs  in  the  midst  of  the  greywackes,  which  may 
probably  be  of  Caradoc  age,  but  no  fossiliferous  bands  were 
found  near  it. 

Polcraig  Burn,  Meikle  Carco. — Evidence  from 
this  section  afiords  further  proof  that  the  lithological  characters 
of  the  Hartfell  black  shales  nave  undergone  modification,  for  the 
zonal  form,  Climacograptus  caudaius,  here  occurs  in  brown 
sandy  shales.  The  Polcraig  Bum  rises  on  the  south  slope  of  the 
Black  Hill,  and  joins  the  Crawick  Water  above  Meikle  Carco. 
Near  the  head  of  this  stream  grey-  and  bufE-coloured  shales  with 
sandy  layers,  much  decomposed,  after  a  carefid  search  furnished 
gasteropods  from  certain  .seams.  Among  the  graptolites  the  fol- 
lowing were  recorded  :  Qhssograptus  Hindcsi,  Clwiacograptus 
caudatvs,  Dicellograpttis  eleganSf  D,  caduceus,  DicraTiograptus  rannosus, 
Cryptograptm  tricomis,  which  indicate  the  position  of  the  Climaco^ 
grapius  cavdodus  zone.  In  the  decomposed  sandy  seams  specimens 
oiMaxiluTea  (Ophil€ta)7ruicromphala  (M*Coy)  were  obtained ;  indeed, 
on  one  slab  no  fewer  tlian  six  specimens  of  Maclurea  were  noted. 

Further  down  the  stream,  these  grey  sandy  shales  with  grits 
and  greywackes  are  met  with,  together  with  two  outcrops  of 
black  shales.  The  lower  and  better  outcrop,  distant  about  a 
quarter  of  a  mile  from  the  foot  of  the  stream,  yielded  graptolites, 
sometimes  in  excellent  preservation,  which  are  given  in  the 
following  list  : 


Didymograptua  auperatea  (Lapw.) 
Canograptua  gractlia  (HaU.) 

,,  perienuia  (Lapw.) 

Cryptograptua  tricomia  (Carr.) 
DiceUograptua  pcUulosua  (Lapw. ) 

,,  aextans  (Hall.) 


CliniacograptAji-a  codatua  var.  antiquua 

(Lapw.) 
,,  Scharenbergi  (Lapw.) 

Dtplograptus  eughfphua  (Lapw.) 
, ,  foliaceua  (Murch . ) 

Dicranogi^ptua  ramorus  (Hall.) 


On  the  north  side  the  greywackes  and  shales  appear  to  be 
faidted  against  the  black  shales,  while  on  the  south  siae  they  are 
regularly  interbedded  with  the  graptoUte  bands. 

Spotfore  Burn  (Tributary  of  the  Crawick  Water). — 
In  this  stream,  above  its  point  of  junction  with  Crawick  Water, 
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blue  greywackes  and  shales  ap])ear  iiear  the  mouth  of  the  glfii 
and  at  intervals  for  about  half  a  mile.  Opposite  the  firsfc  sheep- 
fold,  barely  half  a  milu  up  stream,  iu  a  little  scar  on  the  west 
Hide  at  the  vallev,  a  band  of  black  shales,  associated  with  a  grey 
shaly  rock  like  fireclay,  contains  the  following  fossils : 


Climacographu  hieomit  (Hall-) 
„  pdtifvr  (lApw.) 

Crypiograptwt  tricomi*  (Carr.) 
Dkranoffraptui  ramomw  (Hftll.) 
GUiMogmptvt  Hinekiii  (Ilopk.) 


Dicetloyraptut  sextans  (Hall.) 

,,  patuloius  (Lapw.) 

Leptograptiujlatcidut  (HoU.) 

Dipl^gmpliit  ewjbtphri.i  (Lapw.) 


Scale   of  f 

?ta.  76.— Plan  of  the  Strata  in  Spotfor 

t.  Diabase  lavM.  ITa. 
21.  Glenkiln  ahaloH.  .'H 
(Cai-adoc).    f.  Faulte. 


Bum  (at  foot  of  Penfraw  Bun)). 

.  Radiolarian  chert. 

3.  Grejwftcke,  &<:. 


Higher  up  the  stream  we  find  blue  well-bedded  sandy  and 
micaceous  shales,  resembling  the  fossiliferous  blue  shales  iiear 
the  volcanic  zone  in  the  Kiln  Bm-n,  sdready  described.  Thewe 
are  followed  by  grey  grits  containing  black  shale  galls,  till  at  a 
bend  in  the  stream  below  a  picturesque  water^fall  the  i-adiolariau 
cherts  and  Glenkiln  black  shales  appear,  associated  with  a  band 
nf  Tolcanic  agglomerate. 

The  accompanying  ground  plan  (Fig.  76)  shows  the  relations 
of  Uie  strata.  At  the  south  end  of  the  section,  a  calcareous 
breccia,  composed  of  angular  fragments  of  chert  with  radiolaria, 
is  seen  close  to  the  grits,  and  higher  up  merges  into  a  calcareous 
tuff  visible  on  the  west  bank.  Here  tae  grey  radiolarian  cherts 
form  a  cliff  at  the  bend  on  the  east  bank.  After  a  blank  in  tbe 
sectdon  for  a  short  distance,  an  exposure  of  black  shales  ia  seen 
with  cherts  on  both  sides  (G.  2',  E.S.E.  of  waterfall,  Fig.  77). 
The  black  shales,  at  this  first  exposure  on  the  east  bank,  are  well 
bedded  and  platy,  yielding  in  abundance  a  characteristic  assem- 
blage of  Glenkiln  graptoHtea — one  form  in  particular,  Diflymo- 
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graptus  mperstes,   l)eiug  very  plentiftil.     The  following  forms 
were  here  obtained: 

Did^fiJiograptus  mperita  (Lapir.)  ,    DkeUograpttu  utxtafu  (H&ll.) 

(kenograptus  gracilis  (Hall.)  „            palvlonu  (Lapn.) 

,,            pertenuia  (Lsjjw.l  Dicranogn^tni  ramomu  (Hdl.) 

Climacograptu*  biMrnit  (^]1.)  „              minimus  (Lapw.) 

.,             peiftftr(Lapw.)  Dtplograplvt  eugtypftiw  (Lapw.) 

Stharenbergi  (Lapw.)  |              ,,            ftiiaeeut  (Mulcii.) 


Waterfall 


E5.E. 


3 
5 


Fio.  77.— Section  in  Spotfore  Bum  (at  foot  of  Penfraw  Bum). 

(Explanation  as  in  Fi-j.  T'i.) 

Immediately  to  the  iioi'th  of  thia  the  cherts  are  well  seen  in 
the  bed  of  the  stream  aiid  on  both  banks.  They  are  followed  by 
Glenkiln  black  shales  on  the  south  side  of  the  agglomerate  that 
forms  the  waterfall  (2',  Fig,  77).  Here  the  black  shales  appear 
to  dip  beneath  the  agglomerate  as  if  tmnoated  by  a  reTei"8ed 
fault.  Some  of  the  typical  tilenkilu  graptolites  were  fmind  .)u 
the  bank  ou  the  west  side  of  the  waterfall  in  coutact  witJi  the 
aggloraemte,  including  Bidymograpius  miperstes,  Dicranotfraph's 
ramosus,  Dicellwiraptus  sextans,  and  CUmaco(jraptv-ii  Schdrenbergi. 

The  waterfall  is  formed  by  a  baud  of  volcanic  ash  or  agglo- 
nierat)'  (1  Ts,  Fig.  77),  the  matrix  of  whi<'h  is  of  a  greenish  colour 
and  contains  minute  lapilli  of  volcanic  materials.  Throughout 
this  matrix,  conspicuous  bomb*  of  a  slaggv  diaba.ie-lava  are 
scattered,  some  measuring  18  inches  across.  They  ai-e  well  seen 
in  the  bed  of  the  bum  at  the  top  of  the  waterfall.  Another 
variety  of  lava  is  i-ep resented  among  these  blocks,  viz. :  the 
augite^andeisite  with  well-defined  crystals  of  augite. 

Further  up  the  stream,  the  Glenk'iln  black  shales  on  the  north 
side  of  the  agglomerate  have  a  ihin  strip  or  fold  of  the  radio- 
larian  cherts  in  the  heart  of  them.  It  is  not  improbable  that  the 
volcanic  tuff  may  overlie  the  Glenkiln  Shales  in  this  section,  a 
sugg&stion  which  is  strengthened  by  the  evidence  at  the  head 
of  the  Penfraw  Bum,  to  be  described  presently.  At  the  bend 
above  the  waterfall,  on  the  north-east  bank,  the  Glenkiln  black 
shaleu  occur  on  the  gi"assy  slope  a  few  yards  from  the  streom, 
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where  they  have  furnished  the  following  chai^acteristic  Glenkiln 
forms : 

Didymograptus  mperstes  (Lapw.)  \   Dicranograpttis  ramosus  THall.) 

Cctnograptua  gracilis  (Hidl.)  DiceUograptua  pattdoaus  (Lapw.) 

,,           pertenuis  (lamw.)  ,»            nwffatensis  (C&tt.) 

Clirna4iograptiA8  bicornia  (Sail,)  ,,            sextans  (R&1\.) 

,,             j>ci*(/er  (Lapw.)  I    Glossograptus  Hindcsi  {B.opk.) 

Oryptograptus  tricomis  (Carr.)  ,    Diplogmptus  euglyphus  (Bron.) 

Dicra/nograptus  zic-za^  (Laj^w.)  ,,           foliaceus  (M.\xrch.) 

From  this  point  the  stream  flows  for  a  few  yards  over  a  rapid 
alternation  of  Arenig  cherts  and  Glenkiln  black  shales,  repeatod 
by  sharp  folds,  the  cores  of  which  are  occupied  by  the  cherts. 
Some  of  the  folds  are  normal,  others  isocliual. 

At  the  foot  of  the  Penfraw  streamlet  that  joins  the  Spotfore 
Bum,  seventy  yards  west  of  the  waterfall,  volcanic  ash  like  that 
just  described  is  visible  in  the  bed  of  the  stream,  and  is  traceable 
a  short  distance  up  the  Penfraw  section,  bounded  on  the  north 
side  by  a  well-marked  fault  (1  Ts,  Fig.  77,  W.N.W.  of  waterfall). 
Blue  shales  and  greywackes  are  laid  bare  in  the  lower  part  of  the 
Penfraw  Bum,  but  at  j^the  very  head  of  the  stream  there  is  an 
excellent  exposure  of  volcanic  ash,  evideutly  on  another  fold,  as 
the  strike  oi  the  beds  is  to  the  north  of  that  at  the  waterfall  in 
the  Spotfore  Bum.  Here  the  grey  and  decomposing  rock  is  well 
seen  on  the  face  of  a  scar,  where  it  weathers  spheroidally  and 
exfoliates  in  such  a  way  that  a  fresh  fracture  is  not  easily 
obtained.  But  on  the  weathered  surfaces  its  pyroclastic 
character  is  well  defined,  the  angular  and  sub-angular  volcanic 
fragments  being  visible  to  the  naked  eye.  On  the  south  side  of 
the  tuff,  and  almost  in  contact  with  i^  black  shales  dip  to  the 
north-west,  and  yield  Didijmograptus  superstes  and  CUmucograpiiis 
bicomis,  suggesting  the  probability  that^this  band  may  be  later  in 
time  than  the  Arenig  volcanic  series. 

Returning  now  to  the  Spotfore  Bum  section,  where  it  is  joined 
by  the  Penfraw  streamlet,  the  observer  finds  that  the  volcanic 
ash  is  bounded  on  the  north  side  by  the  fault  already  indicated. 
The  rock,  brecciated  at  the  junction,  includes  angular  fragments 
of  chert  with  radiolaria.  For  300  yards  up  stream  to  the  foot  of 
the  Poltam  Bum,  that  drains  the  west  slope  of  Largbrae  Head, 
there  is  a  succession  of  blue  shales  and  greywacke  bands  like 
those  of  the  Kiln  Bum.  Ten  yards  beyond  the  junction  of  the 
streams,  conglomerate  appears,  charged  with  well-rounded  frag- 
ments of  greywacke,  set  in  a  matrix  of  shaly  greywacke.  From 
20  to  30  yards  above  the  foot  of  the  Poltam  Burn,  the  radio- 
larian  cherts  are  seen  in  the  stream  with  the  conglomerate  rest- 
ing on  them  unconformably.  Thence  to  a  spot  not  far  above  the 
foot  of  the  Polholm  Bum,  that  joins  the  Spotfore  Burn  half  a 
mile  west  of  Largbrae  Head — ^a  distance  of  about  300  yards — 
the  cherts  are  visible  either  in  the  bed  or  banks  of  the  stream, 
with  the  conglomerate  resting  directly  on  them.  This  appears 
to  be  a  local  unconformabiUty,  resembling  that  between   the 
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Beuan  conglomerate  aud  the  Arenig  volcanic  rocks  north  of  the 
Stinchar.  The  denudation  which  marks  it  had  not  proceeded  far 
enough  to  reveal  the  volcanic  zone,  and  hence  the  comparative 
absence  of  volcanic  blocks  in  the  conglomerate.  The  cherts  and 
overlying  conglomerates  are  so  rapidly  folded  together  that  the 
cherte  do  not  extend  far  up  the  slopes  of  the  valley.  An 
interesting  feature  of  these  cherts  is  the  occurrence  of  very  thin 
layers  of  fine  ashy  material  interleaved  in  them. 

In  the  rocky  gorge  a  few  yards  above  the  junction  of  the 
Polholm  Bum,  a  fragment  of  black  shale  in  the  conglomerate 
was  found  to  contain  Glenkiln  graptolites  (pidymograpius 
superstes,  &c.).  From  this  point  the  conglomerate  extends  up 
the  stream  for  two^thirds  of  a  mile.  In  the  scars  on  the  south 
side  of  the  Spotfore  Bum  the  cherts  are  visible.  The  conglo- 
merate is  also  seen  in  the  Polholm  Bum  near  the  foot,  and  again 
in  the  Shiel  Bum  half  a  mile  to  the  west,  near  its  point  of 
junction  with  the  Spotfore  Bum.  A  continuous  section  of  the 
conglomerate  has  been  cut  by  the  Shiel  Bum  between  the  sheep- 
ree  and  the  foot  of  the  bum.  Here  the  conglomerate  has  a  shaly 
matrix  with  well-rounded  pebbles  of  greywacke  and  grit. 

Back  Burn  (Tributary  of  the  Urawick  Water). — ^This 
stream  rises  on  the  slopes  of  the  Shiel  Hill,  and  flows  south-east 
to  join  the  Crawick  Water  below  Nether  Cog.  Ascending  this 
stream  from  its  point  of  junction  with  the  Crawick  Water,  we 
find  grey  greywackes  and  blue  shales,  the  former  merging  into 
massive  grits,  till  about  600  yards  from  the  foot  we  reach  an 
exposure  of  black  shales,  which  yielded  the  following  among 
other  fossils : 

IHdymograptus  superstes  (Lapw.)  Dicellqgrciptus  moffdtensis  (Can.) 

Cryptoffraplus  tricomis  (Carr. )  Diplograptus  foliaceus  (Murch. ) 

Olimacograptus  hicornis  (Hall.)  „  e«/;li/p?n«  (Lapw.) 

The  black  shales  again  appear  at  the  mouth  of  a  tributary 
bum,  where  they  are  traversed  by  a  small  fault.  For  about  100 
yards  the  black  shales  come  to  the  surface  several  times,  with 
intervening  greywackes,  grits,  and  blue  shales.  Further  uji, 
the  stream  flows  over  a  fine  succession  of  blue  and  ^ey  shales 
like  those  in  Kiln  Bum,  which  are  sparingly  fossiliferous.  A 
few  yards  above  the  point  where  a  streamlet  joins  the  Back 
Bum  fi*om  the  east,  flie  following  fossils  were  found  in  blue 
shales :  Climacograptus  Schdrenbergi,  Bicranograptus  ramoms, 
Diplograptus,  Acroireta  Nicholsoni.  This  fine  development  of 
blue  shales  which  from  the  included  fossils  are  probably  of 
Caradoc  age,  is  eventually  succeeded  by  pebbly  g^ts  and  con- 
glomerates, with  well-rounded  pebbles  of  greywacke,  visible  in 
the  stream  as  far  as  the  bend  below  the  fork  of  the  bums.  Here 
a  fine  outcrop  of  black  shales,  upwards  of  100  yards  in  brealth, 
is  laid  open  in  the  stream.  Although  repeated  by  folds,  these 
strata  yield  graptolites  in  profusion  and  xn  excellent  preserva- 
tion.    Certain  layers  on  the  east  bank  of  the  stream  at  the  bend 
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are  crowded  with  characteristic  GlenJdln  fofrmB.  Lithologioallv 
the  black  shales  differ  from  the  black  cherty  bands  with  blank 
shale  partings  belonging  to  this  horizon  in  the  Moffat  area. 
They  are  flaggy  and  platy  in  character.  The  following  fossils 
were  here  obtained : 

Didymograptus  superstes  (lApw.)  (Jlimacograptus  Schdrenbergi  (Lapw.) 

Gotnograptus  gracilis  (Hall.)  ,,             peltifer  (Lapw.) 

nitiduLusi  (Lapw.)  DiceUograptua  nwffaterms  (Carr.) 

surcularis  (HaLI.)  ,,             divaricatits  (tlaM.) 

pertervuis  (Lapw.)  i              ,,            sextans  (Hall.) 

Lasiograptus  him/ucronattis  (Nich.)  Leptograptus  Jlaccidus  (Hall.) 

Diplogi'aptus  rwfosus  (Emm.)  Dicranograptus  fonnosus  (H,op\L.)      ] 

,,           foliaceus  (MvLTch.)  ,               ,,              ramnosus  (HaXL,) 

Oryptograptus  tricomis  (Carr.)  Thamnograptus  typus  (Hall.) 

Olossograptus  Hincksi  (Hopk.)  '    Corynoidea  calyctdaris  (Nich.) 

ClinMCograptiis  sp.  nov.  Acrotreta  Nicholsoni  (Dav.) 


i» 


codatus,  var.  antiquus 
(Lapw.)   j 


To  the  north  of  this  point,  as  far  as  the  head  of  the  burn, 
blue  and  grey  ^ts  and  shales  appear.  At  the  head  of  the  tri- 
butary which  rises  on  the  south-east  flank  of  Shiel  Hill  the  con- 
glomerate is  exposed. 

Polthistly  Burn  (Tributary  of  the  Crawick  Water  at 
Corsebank). — This  bum,  about  two-thirds  of  a  mile  in  length, 
drains  the  northern  slope  of  the  Crucreaoh  Hill.  Near  its  head, 
between  the  1000  and  1250  feet  contour-lines,  black  shales  may 
be  seen  in  a  branch  of  the  stream.  From  the  following  list  of 
fossils  obtained  here  thei-e  can  be  little  doubt  that  these  strata 
belong  to  the  Glenkiln  horizon : 

Didymograptus  superstesCLApw.)  1    C(Enograptus  gracilis  (H.»M.) 

Dicram/ograptus  ramosus  (Hall.)  ,,           pertenuis  (Lapw.) 

, ,             minimus  (Lapw. )  DipUxfraptus  folxa4ieus  (Murch. ) 

DiceUograptus  sextaiu  (Hall.)  ,,            euglyphiis  (Lapw.) 

,,            intartus  (Jmw.)  Lasiograptus  himucrofiatus  (Sich.) 

(Jlimacograptus  bicomis  (H^ll.)  Oryptograptus  tricomis  (CsLrr.) 


pdtifer  (Lapw.)  Olossograptus  Hincksi  (Hopk.) 

Scharenbergi  (iJapw.) 


From  the  manner  in  which  the  black  shales  strike  at  the  con- 
glomerate in  this  scar,  it  is  probable  that  the  two  are  brought 
together  by  a  fault.  It  would  seem  that  the  radiolarian  cherts 
are  not  far  from  the  surface  here,  for  their  debris  is  visible  at 
intervals  in  the  line  of  strike  eastwards  in  the  direction  of  Corse- 
bank.  At  one  point  they  appear  about  a  quarter  of  a  mile  from 
the  soar  of  black  shales.  We  may  reasonably  infer  that  they 
foim  the  core  of  the  arch,  and  are  followed  on  the  south  side  bv 
the  Glenkiln  black  shales. 

On  the  southern  slope  of  Craignorth  Hill,  below  Corse- 
bank,  a  rocky  gorge  has  been  cut  by  a  small  stream,  near  the 
foot  of  which  aark  blue  flaggy  shales  crop  out,  much  jointed 
and  traversed  by  faults.  Jiwt  above  the  point  where  this  burn 
takes  a  bend  to.  the  south-eiast  a  band  of  volcanic  ash  occurs  in 
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the  middle  of  tke  gully,  but  owing  to  a  talus  of  debris  the 
relations  of  this  band  to  the  surrounding  rocks  are  not  apparent. 
On  the  slope,  however,  on  the  north-east  side  of  the  stream,  the 
ash  is  brought  into  contact  with  the  blue  flags  by  a  fault.  A 
mici*oscopic  section  (No.  6829)  from  this  latter  outcrop  shows 
the  rock  to  consist  of  **  felspar  fragments  and  fragments  of  horn- 
blende and  micarandesite.  Felspai-s  and  bisilicateA  decomposed." 
The  rock  has  been  termed  by  Mr.  Teall  an  andesitic  tuff.  A  few 
yards  to  the  right  of  this  exposure,  the  volcanic  ash  is  seen  to  be 
regularly  interbedded  with  the  sedimenis.  On  the  cliff  to  ♦he 
right  three  bands  of  ashy  material  are  intercalated  in  the  dark 
blue  shales,  two  of  them  about  one  foot  thick  each,  while  the 
third  is  several  feet  across.  Here  in  blue-black  shales  the 
following  fossils  were  obtained : 


Dicellographts  sextans  (Hall.) 
Dicranograptus  ramosus  (Hall.) 
Cryptograpttis  trkiymis  (Carr.) 
Climacograptiis  hicomis  (Hall.) 


CUmacograptus  Scharenbergi  (Lapw.) 
Diplograpius  fdiaceus  (Murch.) 
Olossograptus  Hincksi  (Hopk.) 


On  the  cliff  further  up  the  gorge,  the  volcanic  ash  again 
appears,  and  bevond  it,  blue-black  flaggy  shales,  which  are  well 
seen  in  the  bed  of  the  bum,  extend  for  a  few  feet  up  stream. 
This  locality  is  just  a  few  yards  below  the  point  where  the 
stream  bends  to  the  E.N.E.  Fassils  occur  here  in  fine  preserva- 
tion, as  given  in  the  following  list : 


Dicranograptvs  ramomis  (Hall.) 
Leptoffraptu^  flaccidus  (Hall.) 
Diceliograptus  sextans  (Hall.) 

,,  patxdosus  (Lapw.) 

, ,  inoffatensis  (Carr. ) 

Diplograptus  fotiaeeus  (Murch.) 


Cryptograptus  tricomis  (Carr.) 
Clhnacograptus  Scharenbergi  (Lapw.) 
Q/rynoides  calycularis  (Nich.) 
Acrotret<i  NichoUoni  (Dav.) 
Hyalostelia  fajscwulus  (M'Coy.) 


As  this  band  evidently  represents  the  passage  beds  between 
the  Glenkiln  and  Hartfell  divisions,  it  is  reasonable  to  infer 
that  the  bands  of  volcanic  ash  may  belong  to  the  same  horizon. 

Eller  Scaur. — At  the  side  of  the  road  leading  to 
Sanquhar,  below  Corsebank  on  Crawick  Water,  an  excellent 
section  of  black  shales  may  be  seen,  from  which  the  following 
fossils  have  been  obtained : 


DidynwgrapttLS  superstes  (Lapw.) 
Ccenograptus  gracilis  (Hall.) 
Dicranograptus  minimus  (Lapw.) 
,,  zic-zac  (Lapw.) 

,,  ramoaw*  (Hall.) 

Climacograptus  hicomis  (Hall.) 
„  peltifer  fLapw.) 

Or\/ptograpttis  tricomis  (Carr.) 


DicsUograptus  sextans  (Hall.) 

intortus  (Lapw.) 
moffaiensis  (Carr.) 
paiulosiiSy  var.  B. 

(Lapw.) 
Diplograptus  folia>ceus  (Murch. ^ 
,,  euglyphus  (Lapw.) 

Leptograptus  Jlacctdus  (Hall.) 


11 


»» 


»» 


Wanlock  Water  (Lower  Section). — ^Towards  the  foot  of 
this  stream,  opposite  Clackleith  shepherd's  house,  grey  and  blue 
shales  with  gnis  and  greywackes  are  traversed  by  a  peculiar 
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tyne  of  igneous  rock,  like  that  in  the  small  stream  on  the  south 
side  of  the  Graignorth  Hill,  just  described.  At  a  point  about  60 
yards  below  the  mouth  of  Glackleith  Bum,  an  exposure  of  black 
shales  alongside  of  greywackes  has  yielded  the  following  fossils : 
Dicranograptiis  ramosuSy  Clinuicograptm  hicornis,  Cryptograpius 
tricomiSf  Bxplograptus  foliaeeus,  and  Didyniograptus  superstes.  In 
the  scar  on  the  other  side  of  the  Wanlock  Water,  nearly  opposite 
the  north  end  of  the  wall  bounding  the  enclosed  field  at  Glack- 
leith, the  prolongation  of  this  shale  band  is  exposed,  where  the 
following  Glenkiln  forms  were  obtained :  Didymograptus  supersteSy 
Biplograptus  foliaceuBy  Dicranograptus  ramosuSy  B.  sextanSy  Climaco- 
graptuB  bicomis  (?),  Ccenograptus  surculwriSy  and  DiceUcgrapius 
rnoffaterms.  About  30  yards  down  stream  black  shales  again  appear, 
from  which  D.  superstes,  CUrnacograpius  bicomis y  Dicranograpttis 
ramosuSy  D.  Foi'chhamnieriy  and  Cryptograptus  tricornis  have  been 
collected.  About  200  yards  still  lower  certain  peculiar  blue  shales 
visible  in  the  stream  resemble  those  in  Craignorth  Bum. 

Glenrae  Burn. — ^In  this  stream,  that  joins  the  Grawick 
Water  three-qu«irters  of  a  mile  above  Spango  Bridge,  brown 
sandy  shales  are  visible  in  the  lower  part  of  the  section,  associated 
in  places  with  bands  of  pebbly  grit  like  the  Snar  Water  conglo- 
merate and  grit.  At  a  point  about  a  third  of  a  mile  above  the 
foot  of  the  bum,  dark  sandy  limipy  shales  are  exposed,  which 
yield  a  few  graptolites.  fieyond  this  point,  alternations  of 
shattery  brown  shales  or  mudstones  with  brown-weathering 
grits,  probably  on  the  horizon  of  the  Duntercleuch  grits,  are 
exposed  at  intervals.  About  half  a  mile  up  the  f^tream,  at 
a  point  not  far  from  where  it  branches,  black  shales  are  well 
displayed  in  a  compound  anticline.  On  the  north  side  of  the 
northmost  fold,  where  they  are  seen  in  contact  with  grey  shales, 
they  are  well  bedded  or  platy  and  abundantly  charged  with  well- 
preserved  graptolites.  They  occupy  the  left  bank  for  a  distance 
of  about  twelve  feet,  until  succeeded  southwards  by  brown- 
crusted  greywackes  and  shales  of  the  aame  type  as  those  on  the 
north  side  of  the  fold.  The  following  list  of  fossils  obtained 
from  this  locality  indicates  that  the  strata  which  contain  them 
belong  to  the  lower  portion  of  the  Hartfell  black  shale  group. 

Dicranograptus  ramosibs  (Hall.)  1    Cryptograpttis  tricornis  (Carr.) 

,,              NichoUoni  (HoTik.)  Climacograptus  bicomis  (HaXi.) 

,,              Clingani  (Cmt!)  Leptograptas  flaccidus  (HaW.) 

Diphgraptus  foliaceus  (Murch.)  |             ,,            capillaris  (Carr.) 

Glossograptus  Hincksi  (Hopk.)  \   Ainphigraptus  sp. 

Dicdlograptus  Forchhamineri  (Gein.)  '    Ccrynoides  calycularis  (Nich.) 

elegans  (Carr.)  ,   Siphonotreta  mictUa  (M*Ooy.) 

sextans  (Hall.)  Hyalostdia  fasdcxdus  (M*Ooy.) 


Further  up  stream,  black  shales  too  much  crushed  to  yield 
recognisable  graptolites  cover  a  space  of  about  thirty  yards,  and 
appear  again  still  higher  in  a  third  anticline  in  a  similarly 
crushed  and  disturbed  condition. 
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Nether  Whitecleuch  Burn  (Crawick  Water). — ^The 
small  branches  at  the  head  of  this  bum  expose  black  shales,  with 
clay«  »o  much  shattered  and  disturbed  that  graptolites  are 
difficult  to  obtain  from  them,  but  fragments  of  Dicranograptits 
ramosvs^  GlxTnacoiyraptus,  THplofjTwptus,  were  here  collected.  A 
bed  of  breccia  occurs  near  at  hand,  but  its  relations  cannot  be 
satisfactorily  determined  owing  to  the  disturbance  of  the  beds. 
Near  the  fork,  pebbly  grit  and  conglomerate  with  large  boulders 
of  greywacke  are  seen  for  about  100  yards.  At  a  point  about 
half  a  mile  from  the  farmhouse,  a  mass  of  volcanic  agglomerate 
rises  in  the  bed  of  the  stream  and  on  both  banks.  Under  the 
microscope,  the  roc*k  (No.  7159)  "appears  to  be  mainly  composed 
of  fragments  of  a  biotite-andesite,  consisting  of  large  pheno- 
crysts  of  oligoclase  and  plates  of  altered  biotite  in  a  very  finely 
crystalline  matrix.  One  or  two  fairly  large  apatites  occur 
having  also  the  appearance  of  phenocrysts."  Greywackes  aad 
shales  like  those  at  Duntercleuch,  seen  close  to  the  agglomerate, 
continue  down  stream  for  about  330  yards.  About  600  yards 
from  nether  Whitecleuch  Farmhouse  the  grey  cherts  are  exposed, 
and  are  brecciated  along  their  contact  with  the  grits,  so  that  the 
junction  line  may  be  a  fault.  Further  down  ttie  stream  black 
shales  alternate  with  green  mudstones,  followed  by  fireclay-look- 
ing shales  much  shattered,  and  these  by  flaggy  black  shales, 
yielding  the  following  graptolites  in  good  preservation : 


LouiograptM^  himucrontttus  (Nich.) 
Diplograptus  eugl\fpfMis  (Lapw.) 
„  foliaeeus  (March.) 


Dicellograptits  sextans  (Hall.) 
Climacograptiis  Schdrenbergi  (Lapw.) 


These  strata  are  succeeded  by  the  usual  greywackes  and  shales, 
which  dip  S.S.E.  in  isoclinal  folds. 

Snar  Water  (Lower  Section). — This  stream  shove  Gott, 
about  two  miles  S.S.W.  of  Crawfordjohn,  has  exposed  three 
anticlines  of  the  cherts,  with  black  shales  and  fireclays  occupying 
the  synclines.  In  the  second  syncline,  on  the  left  bank,  in  well- 
bedded  black  shales,  with  greenish  mudstones,  the  following 
graptolites  were  obtained : 


(Jctnograptus  gracilis  (Hall.) 
DidymograpUu  sp. 
Oryptograptus  tricomis  (Carr.) 
Dicellograptus  paUdosus  (Lapw.) 
,,  sextans  (Hall.) 


Diplograptus  foliaeeus  (Murch.) 
Climacograptus  Schdrenbergi  (Lapw.) 
Dendrograptus  sp. 
Acrothele  sp. 


On  the  north  side  the  Permian  breccia  rests  on  the  cherts; 
on  the  south  side,  the  black  shales  on  the  left  bank  form  the 
southern  limb  of  the  third  arch,  while  the  greywackes  occur  on 
the  right  bank.  In  the  wood  of  the  Old  Castle  of  Snar,  brown 
decomposing  pebbly  grits  like  the  Duntercleuch  grit  are  found. 
At  a  point  about  400  yards  above  the  Castle  an  arch  of  grey 
cherts  is  succeeded  by  black  shales  on  the  north  side  only,  while 
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on  tlie  south  side  there  is  a  breccia  made  up  of  very  small  frag- 
ments of  chert.  A  short  distance  up  stream,  along  the  strike,  at 
a  bend  in  the  burn,  hrown-weathering  grit  appears  whicli 
closely  resembles  the  Duntercleuch  grit. 

The  Snar  Water  upwards  for  about  a  mile  flows  over  a  con- 
stant repetition  of  gnts  like  the  Duntercleuch  beds.  The  same 
rocks  are  seen  also  in  a  tributary  which  joins  the  Snar  from  the 
west,  at  the  bend  in  its  course.  This  bnown  grit  with  clayey 
shales  is  also  exposed  in  a  tributary  that  drains  the  north  slope 
of  the  Windy  Dod  to  the  Snar. 

Glentewing  Burn  (Duneaton  Water,  south  of  Crawford- 
john). — ^The  black  shales  and  cherts  reappear  in  this  stream  on 
three  separate  anticlines  between  the  farmhouse  of  Glentewing 
and  Cleuch.  The  most  northerly  exposure,  which  is  about  300 
yards  up  stream,  shows  radiolarian  cherts  in  the  centre,  followed 
on  the  north  side  by  black  shales  and  on  ashy  grit  with  black 
shale  galls.  The  southern  limb  is  not  exposed  owing  to  a 
covering  of  drift.  About  100  yards  higher  up  fragments 
of  volcanic  rock  are  met  with,  but  the  material  was  not  here 
observed  in  situ;  but  a  few  yards  further  south,  where  a  stone 
fence  reaches  the  bum,  black  shales  occur,  yielding  Didymo- 
graptus  superstes,  &c.  Still  higher  in  the  valley,  large  masses 
of  coarse  volcanic  agglomerate  are  found,  in  sucn  abundance  as 
to  smuggest  that  it  may  be  in  place  underneath.  Southwards,  in 
a  little  side  rivulet,  near  Cleuch  Farmhouse,  the  black  shales  rise 
on  another  fold,  and  near  the  head  of  this  streamlet  they  ai*e 
associated  with  voloanic  agglomerate  like  that  described  us 
occurring  in  the  Nether  Whitecleuch  Bum.  By  means  of  small 
exposures  on  the  intervening  ridge  the  agglomerate  can  be 
traced  E.N.E.  across  the  Mill  Scar  (1399  feet)  to  the  Glen- 
liscleuch  Bum.  On  the  slope  of  the  ridge  east  of  Cleuch  Farm- 
house, the  cherts  and  black  shales  occur  on  three  separate  folds. 

Glenliscleuch  Burn  (a  Tributary  of  the  Shield  Bum). 
— A  continuous  rock  section  is  exposed  in  this  stream  that  drains 
the  north-east  slope  of  Mill  Scar,  from  iis  source  to  the  point 
of  junction  with  tne  Shield  Bum  one  mile  south-east  of  Craw- 
fordjohn.  In  the  scars  at  the  head  of  the  cleuch  an  outcrop  of 
radiolarian  cherts  and  black  shales  attains  a  breadth  of  upwards 
of  100  yards ;  the  cherts  occurring  on  three  separate  antiolini  s. 
All  the  strata  are  much  shattered  and  crushed,  and  are  further 
altered  by  much  bleaching  and  decomposition.  These  folds  are 
succeeded  to  the  north  and  south  by  grits;  on  die  north  limb, 
in  the  midst  of  the  greywackes  and  gnts,  masses  of  agglomerate 
occur  on  the  top  of  the  bank,  .which  are  evidently  portions  of  a 
similar  rock  underneath.  A  specimen  from  this  exposure,  when 
viewed  under  the  microscope,  shows  "  nTunerous  pnenocrysts  of 
felspar  in  a  dark,  almost  black,  compact  ground  mass,"  and  the 
rock  seems  to  be  highly  altered  nomblende-biotite-andesite, 
resembling  the  type  of  rock  in  Kiln  Bum,  Nether  Whitecleuch, 
and  in  the  Shield  Bum  to  be  devscribed  presently.  The  Glen- 
liscleuch Bum  obliquely  traverses  the  strike  of  the  strata  for  tlie 
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next  350  yards  down  to  a  point  where  it  ia  Grossed  by  a  Tertiaiy 
dolerite  dyke.  In  this  distance  it  exposes  three  imperfect  folds 
of  cherts,  black  shales,  and  overlying  greywackes  and  shales. 
East  of  the  dyke,  the  course  of  the  stream,  sdmost  coincides  with 
the  strike  of  the  beds,  and  for  some  distance  the  channel  is 
carved  out  of  black  shale>  bounded  on  the  south  side  by  an  out- 
crop of  radiolarian  chert.  In  the  black  shales  immediately  over- 
lying the  cherts,  the  following  fossils  were  obtained:  Didymo- 
graptvs  superstes,  CcenograptiLS  graciliSy  G.  pertenuisy  Dicranograptus 
zio-zacy  D,  minimvSy  DiceUograpiiis  sextanSy  D.  moffaiensiSy  Climaco- 
grapttis  hicomis.  The  following  assemblage  was  found  in  the  bands 
in  the  north  bank :  Glimacograptua  cavdatuSy  C.  bicomisy  IHcello- 
grapttLS  caduceus,  D.  elegans,  Diplograptus  foliaceuSy  Corynoides 
ccUucularis. 

The  black  shales  here  obviously  lie  in  a  synclinal  fold,  as  the 
radiolarian  cherts  reappear  on  the  north  limb  of  the  trough  at 
the  foot  of  the  Glenliscleuch  Bum. 

In  the  Shield  Burn,  above  its  junction  with  the  lasi-namod 
stream,  the  first  visible  strata  conai«t  of  radiolarian  cherts,  and 
within  a  short  distance  volcanic  rooks  appear.  The  latter  are 
again  succeeded  by  cherts,  in  the  heart  of  which  a  small  arch  of 
fine-grained  diabase-lava  appears,  with  the  usual  pillowy 
structure.  Southwards  these  cherts  are  followed  by  black  shales 
and  pebbly  grits.  In  the  midst  of  the  coarser  sediments  a  bed 
of  altered  andesite  occurs,  which,  when  examined  with  the 
microscope,  is  found  to  be  crowded  with  phenocrysts  of  alter*)d 
felspar,  and  contains  some  altered  rock  fragments.  It  is  highly 
prooable  that  this  volcanic  zone,  like  those  in  Nether  White- 
cleuch  Bum  and  at  the  head  of  Glenliscleuch  Bum,  occurring  as 
they  do  in  grits  that  overlie  the  black  shale  series,  may  be  of 
Lower  Caradoc  age.  Southwards,  grey  micaceous  shales  are  met 
wiih,  followed  at- intervals  by  folds  of  radiolarian  cherts  and 
black  shales. 


Fossiliferous  (Caradoc)  Conglomerate  of  Ikmiercleuch  aiul 

Olendoivran,  Lead  Hilk, 

Having  described  the  various  black  shale  bands  in  the  Lead- 
hills  district  between  Abington  and  Sanquhar,  we  have  now  to 
consider  certain  pebbly  grits  and  conglomerates,  which,  at 
several  localities  in  the  same  re^on,  are  abundantlv  charged 
with  fossils.  Their  fossiliferous  character  was  first  observed  in 
the  course  of  his  original  survey  of  the  district  by  Mr.  R.  Ij. 
Jack,  who,  from  their  assemblage  of  organisms,  regarded  them 
as  of  Caradoc  age  (Explanation  of  Sheet  15,  p.  14.).  In  his 
descriptive  account  he  states  that  the  strata  ''consists  of  grey- 
wacke  passing,  on  the  one  hand,  into  crumbling  sandstone,  and, 
on  the  other  hand,  into  pebbly  grits  with  partings  of  shale 
resembling  that  of  the  Lowther  (shales)  series,  and  with  beds 
of  conglomerate  which  are  chiefly  found  at  the  base  of  the 
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group."  Among  the  pebbles,  white  vein  quartz  is  by  far  the 
most  prominent  condituent,  but  fragments  of  greywacke,  black 
and  grey  shale,  chert,  and  fragments  of  volcanic  rocks  also  occur. 
The  two  chief  localities  from  which  fossils  have  been  obtained 
are  (1)  the  Back  Bum  west  of  Duntercleuch  Rig— one  of  the 
minor  tributaries  of  the  Wanlock  Water;  (2)  the  Snar  Water 
south  of  Snarhead.  A  third  locality  lies  still  farther  to  the 
north-east  on  Glendowran  Hill.  Though  organic  remains  are 
scattered  through  the  matrix,  they  occur  chiefly  in  brown  decom- 
posing calcareous  nodules,  which  are  evidently  not  derivative. 
As  has  been  shown  in  the  foregoing  pages,  tnese  fossiliferous 
bands  lie  in  rapid  synclinal  folds  of  the  Arenig  volcanic  rocks, 
radiolarian  cherts,  and  overlying  black  shales.  In  the  Back 
Bum  (page  292)  and  in  the  Duntercleuch  Bum  (page  292) 
nearly  all  the  graptolites  characteristic  of  the  Glenkiln  group 
are  found  in  these  shales  close  to  the  Caradoc  strata.  In  this 
region  the  Mofiat  type  of  the  Hartfell  black  shales  has  largely 
disappeared,  and  some  Hartfell  graptolites ;  as,  for  example, 
CUmacograpttLS  cavdattiSy  Dicellograptus  eleganSy  J),  caducmis,  &c., 
occur  in  brown  sandy  shales  (p.  313)  overlying  the  radiolarian 
cherts  and  Glenkiln  black  shales  (see  Glenrae  Bum,  p.  320). 

After  the  publication  of  the  list  of  organic  remains  from  the 
Duntercleuch  conglomerate  in  the  Explanation  of  Sheet  15,  the 
brachiopoda  from  this  horizon,  in  the  Geological  Survey  Collec- 
tion, were  examined  by  the  late  Mr.  Davidson,  who  regarded 
them  as  of  Caradoc  age.  The  subjoined  list  gives  the  assemblage 
of  organisms  which  have  been  obtained  from  the  various 
exposures  of  this  conglomerate  in  the  Leadhills  district: 


Nidulitesfavw(BA\t.) 

Alveolites  sp. 

Favantes  aaper  (D'Orb. ) 
„       sp. 

Monticvlipora  lens  fM'Coy.) 

Petraia  hina  (Lonsa.^ 
,,       elongcUa  (Phil.) 
, ,       v/niserialis  (M  *Coy . ) 

Stenopora  (Favasites)  fibrosa  (Goldf.) 

Qhfptoerinus  hasalis  (M'Coy.) 

Crmoid  stems. 

SerpvliUss^, 

Couymene  sp. 

Gheirurus  sp. 

Hamanolotus  sp. 

Ooifgia  sp. 

Fhacops  caudatus  (Briinn.) 

THnudeus  fimbriaius  (Murch.) 

FenesteUa  sp. 

PtUodietya  dichoto7¥ia  (Portl.) 

Lept<tna  sericea  (Sow.) 

, ,  var.  rhoimhica  (M  *Coy . ) 
(Christiania)  tenuicincta 

■(M*Coy.) 


»« 


«> 


Orlhis  (Platystrophicijihif Grata  (Schl. 
, ,      calligra/mma  (Dabn. ) 
,,      cmpa  (M*Coy.) 
,,      polygramma,  var.  pentlandica 

(Dav.) 
,,      (I>alrMin£lla)testudi7iaria 

(Dalm.) 
Rhynchonella  Jacki  (Dav.) 
Strophotnena  arenacea  (Salt.) 

,,  corrugateUa  (Dav.) 

Ctenodonta  sp. 
Modiolopsis  sp. 
Bellerophon  aeutus  (Sow.) 

,,  trUoboitus  (Sow.) 

Oydonema  sp. 
Euomphalus  sp. 
Holopella  sp. 
Mufihisonia  sp. 

Pleurotomaria  (Baphistoma)  elliptica 

(His.) 
,,  lentievlaris  (Sow.; 

Turbo  sp. 
Hydimes  sp. 
Orihoeeras  sp. 
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Representatives  of  Oleiikihi  -Shales  aiid  Associated  SedimentSy  from 
the  San^pihar  Coalrjield  to  the  Clyde  near  Wandel  Mill, 

Approaching  still  further  north  to  the  mai'gin  of  the  Silurian 
Tableland  between  the  north-east  comer  of  the  Sanquhar  coal- 
field and  the  river  Clyde  at  Wandel  Mill,  we  discover  that  the 
Lower  Hartfell  black  shales  have  disappeared,  and  that  the 
characteristic  fossils  of  the  Glenkiln  group  occur  in  black  seams 
or  films  in  sandy  shales  and  greywackes.  The  radiolarian  cherts, 
however,  are  traceable  along  the  margin  of  the  tableland  in  a 
great  development,  closely  associated  with  a  prominent  band  of 
"Haggis  Rock"  or  conglomerate,  which,  in  certain  sections, 
rests  unconformably  on  the  radiolarian  cherts. 

Glenaylmer  Burn  (four  miles  and  a  half  north-west 
from  Sanquhar. — In  this  burn,  above  the  fault  that  bounds  the 
Carboniferous  basin,  grits  and  greywackes  with  minute  frag- 
ments of  black  shales  and  cherts  ai'e  associated  with  much- 
jointed  dark  blue  sandy  shales.  At  Ja  point  about  a  quarter  of 
a  mile  up  stream  an  important  section  occurs  on  the  north  bank 
and  on  tne  slope  overlooking  the  stream,  where  the  green  cherts 
with  radiolarm  are  exposed.  In  contact  with  them,  and 
appftrently  resting  unconformably  on  them,  lies  a  well-marked 
breccia,  the  c^rey  matrix  of  which  contains  fragments  of  the  grey 
radiolarian  cnert,  sometimes  measuring  four  by  two  inches ;  also 
fragments  of  black  shale,  though  most  of  tne  pebbles  are  of 
greywacke.  About  100  yards  up  the  stream,  on  the  same  aide 
of  tne  valley, 'a  beautiful  light  ffreen  variety  of  chert  with  radio- 
laria  appears  at  the  edge  of  tne  alluvium.  On  the  bank  the 
brecciated  conglomerate,  seen  in  contact  with  the  chert,  is  com- 

E)8ed  chiefly  oi  greywacke  pebbles,  some  measuring  nine  inches 
ng,  with  fragments  of  chert  and  black  shale.  The  rock 
merges  into  a  pebbly  grit.  About  200  feet  above  the  bed  of  the 
stream,  due  north  from  this  last-mentioned  exposure,  a  very 
coarse  conglomerate  is  visible,  its  pebbles  being  well-rounded  and 
consisting  chiefly  of  greywacke  and  chert  lyin^  in  a  gritty 
matrix.  Some  of  the  included  blocks  of  Arenig  igneous  rocks 
measure  two  feet  across.  Near  the  head  of  this  valley,  about  the 
Crags,  and  just  below  the  point  where  the  Glenaylmer  Bum  is 
joined  by  a  tributary  from  the  north,  graptolites,  referred  to 
CHmaeograptus  and  ViplograptuSy  are  found  in  thin  black  seams 
interleaved  in  blue  shales.  In  the  stream,  on  the  south  side  of 
the  valley  near  the  watershed,  blue  shales  and  greywackes  are 
visible;  some  of  the  small  branching  bums  have  their  courses 
determined  by  faults. 

Beyond  tiie  watershed  of  the  Glengap  Bum,  occasional 
exposui'es  of  conglomerate,  gritty  greywacke,  and  yellow  clayey 
shales  are  met  with,  in  which  no  fossils  have  been  found.  In 
the  lower  portion  of  that  stream,  where  it  flows  between  the 
High  Knypes  and  Glenguffbck  Hill,  the  solid  rocks  are  for  the 
most   part    buried    under    alluvium.      A    short   distance    below 
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Blackgannoch  the  Spango  Water  is  joined  on  the  south  side  by 
a  tributary — the  Reeve  Bum — which  drains  the  eastern  slope  of 
Glenguffock  Hill,  and  shows  along  its  course  the  radiolarian 
cherts  coming  to  the  surface  along  several  folds.  In  places  the 
cherts  are  immediately  succeeded  by  blue  grits,  greywackes,  and 
conglomerate.  On  the  hill  slope  to  the  east  of  this  stream,  there 
is  an  excellent  display  of  the  red  and  grey  cherts,  which  when 
traced  towards  the  north-east,  down  the  slope  towards  the  old 
drove  road,  gradually  become  granulitised  as  the  margin  of  the 
granite  is  approached.  Exposures  are  rare,  but  the  evidence 
here  of  contact  metamorphism  is  similar  to  that  found  at  some 
distance  from  the  Loch  Doon  granite.  (See  Chapter  XXVII.) 
The  cherts  are  also  seen  on  the  Meikle  Knypes — the  hill  east  of 
Reeve  Bum. 

Blackgannoch  Cleuch  and  Glenwhinny  Burn. — In  the 
small  bums  uniting  to  form  the  Blackgannoch  Cleuch,  that 
joins  the  Spango  Water,  one  mile  below  Blackgannoch,  sections 
are  laid  open  of  grey  clayey  shales,  which  decompose  readily 
and  contain  worm  tracks.  In  like  manner,  at  the  head  of  Glen- 
whinny Bum — a  tributary  of  the  Blackgannoch  Cleuch — similar 
grey  clayey  shales  weather  externally  like  the  Lowther  Shales, 
though  in  these  tributaries  of  the  Spango  Water  it  is  probable, 
if  not  certain,  that  they  belong  to  a  lower  horizon  than  the 
Barren  Mudstones  of  Moffat.  In  these  tributajies  the  shales 
are  indurated,  and  show  evidence  of  contact  alteration  by  the 
Spango  gi'anite.  The  metamorphism  of  the  Silurian  rocks  in 
the  stream  and  on  the  hill  slopes  to  the  south  of  that  igneous 
mass,  and  as  far  east  as  Glenwhinny  Bum,  is  noteworthy,  though 
the  rocks  at  the  junction  are  mostly  buried  under  drift.  In  the 
Gairland  Bum,  on  the  north  side  of  the  granite  mass,  the  altera- 
tion of  the  "Haggis  Rock"  is  very  pronounced.  The  included 
fragments  of  chert  are  qxiite  granulitised  and  the  matrix  is 
rendered  schistose,  brown  mica  being  abundantly  developed. 

Pingland  Burn  (Head  of  Spango  Water). — ^This  stream 
above  the  point  where  it  is  joined  by  the  Glengap  Bum,  affords 
an  excellent  exposure  of  the  radiolarian  cherts,  which  continues 
at  intervals  up  to  a  point  about  250  yards  from  the  foot  of  the 
bum.  Greywackes  are  occasionally  enfolded  with  these  cherts. 
The  massive  red  and  green  cherts  are  again  displayed  at  the  foot 
of  the  Calf  Grain,  about  700  yards  up  stream  from  the  foot  of  the 
Fingland  Bum.  On  the  south  side  of  this  fold,  dark  sandy  shales 
with  black  shale  strains  lie,  only  a  few  yards  from  the  edge  of  the 
cherts  (the  black  shale  seams  varying  in  thickness  from  an  inch 
to  a  tenth  of  an  inch).  These  black  seams  yielded  the  following 
characteristic  Glenkiln  fossils : 

CcEtiograptus  gracilis  (Hall.)  |  Ladograptus  himucronaius  (Nich.) 

,,  surcvlaria  (HbM.)  1  Diplograpttis  foliaceus  (MuTch^ 

Dicranograptus  minimus  (Lapw.)  i  Climacograptus  Schdrenbergi  (Lapw.) 

,,  ramosiis  (ELaA.)  Brachiopod. 

Thamnograptus  typus  (Hall.)  ' 
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The  arch  of  cherts  just  referred  to  can  be  traced  north-east 
to  the  slope  on  the  north  side  of  the  valley.  Towards  the  south- 
west the  red  cherts  can  be  followed  by  means  of  small  outcrops 
along  the  crest  of  the  High  Knypes  and  Kirkland  Hills.  On  the 
south-west  slope  of  the  latter  they  rapidly  "nose  out"  and  are 
succeeded  by  greywackes  and  shales.  In  a  little  dry  gully  on 
the  west  slope  of  the  Kirkland  Hill,  about  half  a  mile  to  the 
south  of  the  fault  between  the  Silurian  and  Old  Red  Sandstone 
formations  and  about  300  yards  east  from  that  which  bounds 
the  Carboniferous  basin  of  Sanquhar,  a  peculiar  igneous  rock 
is  exposed  for  a  distance  of  150  yards.  The  rock  resembles  a 
lamprophyre.  On  the  south  side  of  the  gully,  greywackes  and 
shales  are  visible,  and  at  the  head  of  the  gully  the  red  cherts  are 
seen. 

Duneaton  Water. — On  the  west  slope  of  the  ridge,  at 
Stonehill,  three  miles  S.W.  of  Crawfordjohn,  grey  and  red  cherts 
are  exposed,  which  contain  abundant  radiolaria,  and  are  repeated 
by  sharp  folds.  Some  of  the  bands  are  hardened,  probably  by 
underlying  granite.  Black  shale  bands  have  not  been  observed 
anywhere  on  this  hill,  but  they  are  visible  in  an  isolated  exposure 
at  the  bend  of  the  Duneaton  Water  at  Oraighouse,  and  are 
there  interleaved  with  grey  shales,  like  those  in  the  Fingland 
Bum  just  described,  and  at  Craiglure,  near  lioch  Doon.  On 
the  south  side  of  the  outcrop  of  the  radiolarian  cherts  on  the 
Stonehill  ridge,  a  band  of  fine  conglomerate,  which  can  be  traced 
along  the  ridge,  contains  pieces  of  grey  radiolarian  chert,  some- 
times an  inch  across,  likewise  fragments  of  black  shale  and  some 
igneous  rocks.  On  the  north  side,  however,  this  conglomerate 
assumes  the  characteristic  type  of  the  well-known  "  Haggis 
Rock."  It  includes  abundant  minute  fragments  of  various 
igneous  rocks  of  the  volcanic  series,  with  red  and  grey  chert  and 
black  shales.  The  strata  on  this  hill  are  isoclinally  folded,  and 
dip  to  the  south-east  at  angles  varying  from  60"  to  70**. 

In  a  little  bum  west  of  Stonehill,  the  grey,  green,  and  red 
cherts,  together  with  the  "  Haggis  Rock,"  are  repeated  by  folds. 
Along  the  line  of  strike,  quarries  have  been  opened  in  the 
radiolarian  cherts  at  the  Stonehill  Farmhouse;  red  mudstones, 
which  occasionally  contain  bands  of  tuff,  are  there  associated 
with  red  cherts.  On  the  southern  slope  of  Mountherrick  Hill, 
the  fine  conglomerate  has  yielded  fragments  of  Glyptocrinvs  and 
Petraia,  At  the  village  of  Crawfordjohn,  the  red  mudstones 
and  cherts  may  be  seen  by  the  roadside. 

River  Clyde  near  Wandel  Mill. — In  the  Clyde, 
at  the  bridge  about  half  a  mile  above  Wandel  Mill,  a  continuous 
rock  section  is  laid  open  on  the  right  bank  of  the  stream,  where 
blue  grits,  weathering  with  a  rusty  brown  tint,  occur  in  associa- 
tion with  blue  platy  shales  which  alternate  with  leaf-like  blue- 
black  fossiliferous  seams  (about  an  eighth  of  an  inch  thick). 
One  layer,  about  nine  yards  north  of  the  bridge,  yielded  the 
following  typical  assemblage  of  Glenkiln  fossils : 
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IHdymograptus  superstes  (Lapw.) 
C<jenograptu8  gracUis  (Hall.) 

pertenuia  (Lapw.) 
expkmatus  (Lapw.) 
surcularis  (Halt.) 
UipLvyraptus  euglyphus  (Lapw.) 
,)  foliaceus  (Murch.) 

Lcuiograptus  bimucri/tuUus  (Nich.) 
Oryptograptus  tricomis  (Carr.) 
Glo88ograptu8  Hiiuiksi  (Hopk.) 


»> 
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Climcicograptus  Schdrenbergi  (Lapw.) 

ccdOftvs  var.  antiquus 
(Lapw.) 
biconvU  (Hall.) 
tridentcUus  (Lapw.) 
IHcellograptua  seoctans  (Hall.) 

, ,  Forchhavhmeri  (Gein. ) 

„  moffatensis  (Carr.) 

Leptograptus  JUuxidus  (Hall.) 
Dicra/nograptus  ratnosus  (Hall.) 


i> 
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Agam,  in  Duneatoa  Water,  about  three-quarters  of  a  mile 
above  the  junction  of  that  stream  with  the  Clyde,  south-west  of 
the  Middencots  Farmhouse,  shattered  and  corrugated  shales  and 
greywackes,  form  a  gentle  anticline.  Fossils  are  more  difficult 
to  obtain  at  this  locality  in  the  dark  seams,  but  the  following 
were  collected:  CoenograptiLs  pertemiis,  Bicellograpius  sextans^  Dipkh- 
graptus  foliaceus^  GUmacograptua,  Though  the  strata  are  repeated 
by  folds,  their  prevalent  dip  is  towards  the  south-east.  Here  the 
greywackes,  shales,  and  dark  seams  yielding  Glenkiln  (Upper 
Llandeilo)  graptolites  rest  on  the  radiolarian  cherts. 


Black  Shale  Bands  in  the  BoMns  of  the  Elvcm  and  Menock  Waters 
and  in  the  Tributaries  of  the  Nith  nea/r  Kirkbride. 

In  this  belt  of  ground  between  the  Clyde  and  the  Nith, 
various  folds  of  the  Mofiat  series  reveal  in  some  instances  the 
Arenig  lava,  the  radiolarian  cherts,  and  the  Glenkiln-Hartfell 
bands  of  black  shales  in  the  ^midst  of  sandy  shales  and  other 
sediments.  Some  of  these  outcix)p8  of  the  Mofiat  series  come  to 
the  surface  in  the  midst  of  the  Lowther  Shales,  which  are 
regarded  as  the  equivalents  of  the  Barren  Mudstones   of  Mofiat. 

Elvan  Wate r. — About  a  mile  to  the  south-east  of  Lead- 
hills,  in  the  Windygate  Bum,  a  tributary  of  the  Shortcleuch 
Water,  twisted  black  shales  appear  in  the  midst  of  greywackes 
and  shales,  from  which  the  following  graptolites  were  collected : 
Olima4XHjraptus  catulatus,  (J.  bicomis^  Oryptograptus  tricomis, 
I}iplograptus  foliaceuSj  Dicranograptiis  ramosus,  Corynoides  caly- 
cularis.  This  band  is  prolonged  north-eastwards  into  the  Lead 
Bum,  where  a  core  of  radiolarian  chert  appears  in  the  midst  of 
the  black  shales,  the  latter  being  cleaved  and  yielding  fossils 
spanngly.  Several  Lower  Ha^ell  fossils  were,  however, 
obtained  from  this  locaJity.  In  the  strike  of  these  exposures 
neaj*  the  head  of  Lead  Bum  in  a  north-easi  direction,  a  small 
outcrop  of  cherts  and  black  shales  appears  on  the  north-west 
slope  of  Lousie  Wood  Law,  not  far  from  the  band  of  conglo- 
merate on  that  hill,  to  which  we  shall  presently  Yefer.  Other 
folds  displaying  the  cherts  andH)lack  shales  are  met  with  in  a 
tributary  of  the  Shortcleuch  Bum  immediately  to  the  west  of 
Leadbum  Rig. 

Menock  Water  (Two  Miles  South  of  Wanlockhead). — ^In 
the  basin  of  the  Menock  Water,  about  two  miles  south  of  Wan- 
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lockhead,  several  arches  of  the  Arenig  Bocks  and  overlying 
black  shales  make  their  appearance.  In  one  of  these  the 
volcanic  rocks  occur  in  the  core  of  the  fold,  followed  in  regular 
order  by  the  cherts  and  black  shales.  The  rocks  as  a  whole  have 
undergone  deformation,  the  cherts  in  particular  showing  fine 
flaser-structure,  like  the  cherts  and  jasper  bands  in  the  neigh- 
bourhood of  the  North  Esk,  Forfarshire.  The  arch  referred  to 
occurs  on  the  north  side  of  the  valley,  where  the  high  road 
crosses  a  small  tributary  of  the  Menock  that  drains  the  hill 
called  Middle  Moor.  At  the  point  where  a  bridge  spans  the 
stream,  black  shales,  much  cleaved,  dip  to  the  north-west  at 
angles  from  45°  to  Hb"".  A  felstone  dyke  crosses  the  bum  above 
the  bridge.  The  black  shales  have  a  peculiar  sheen  or  glistening 
surface,  and  yield  indeterminable  traces  of  graptolites.  Further 
up,  cherts  with  fine  fiaseivstructure  succeed,  followed  by  black 
shales,  grey  shales,  and  greywackes.  About  200  yards  to  the 
east-north-east  of  this  point,  along  the  line  of  strike,  coarse 
ophitic  dolerite  or  gabbro  appears,  an  intrusive  rock  of  Arenig 
age ;  while  a  few  yards  further  east,  the  pillowy  lava  reaches  the 
surface.  Both  types  of  rock  are  cleaved  and  markedly  schistose ; 
thus  resembling  some  of  the  schistose  chloritic  igneous  rocks  in 
the  North  Esk  region  above  alluded  to.  At  one  point  the  band 
of  igneous  rocks  in  the  core  of  the  fold  is  100  feet  broad. 

The  cherts  occur  on  both  sides  of  the  fold,  and  are  so  well 
cleaved  or  schistose,  that  it  is  difficult  to  obtain  specimens  of 
radiolaria  from  them.  The  black  shales  occur  on  the  north  side 
of  the  arch,  but  on  the  south  side  are  concealed  by  vegetation. 
This  fold  is  traceable  for  a  third  of  a  mile  along  the  north  side 
of  the  valley,  and  rapidly  noses  out  towards  the  north-east ;  but 
towards  the  south-west  black  shales  occur  in  the  Menock  Water 
much  in  the  same  line  of  strike.  Again,  on  the  south  of  the 
arch  of  volcanic  rocks,  black  shales  are  found  in  the  Menock 
Water  below  the  junction  with  the  Green  Carli.  From  this 
point  upwards,  black  shales  and  cherts  appear  on  several  folds. 

Below  the  spot  where  the  Whitestone  Cleuch  joins  the  Menock 
half  a  mile  east  of  Aliddle  Moor,  several  i^petitions  of  the  black 
shales  ma^  be  observed,  and  at  one  point,  aoout  200  yards  below 
the  junction,  the  lava  is  seen,  truncated  by  a  fault  on  the  east 
side  which  brings  it  in  contact  with  greywackes.  In  the  White- 
stone  Cleuch,  beyond  some  greywackes  and  shales  in  which  black 
shales  occur,  a  fine  exposure  of  cleaved  cherts  and  black  shales 
has  been  laid  open  in  the  stream  which  runs  E.N.E.  across  the 
Meikle  Arthur  Grain  towards  the  county  boundary.  South- 
westwards  this  fold  can  be  followed  for  ludf  a  mile  alon^  the 
slope  on  the  south  side  of  the  valley  to  a  small  scar  draining 
into  the  Menock,  at  the  head  of  which,  volcanic  rock  is  associated 
with  the  cherts. 

More  or  less  parallel  with  this  arch,  and  to  the  south  of  it, 
three  separate  bands  of  the  radiolarian  cherts  and  black  shales 
may  be  traced,  the  highest  reaching  the  1750-feet  contour-line. 
The  strata,  especially  the  cherts,  are  much  deformed,  so  as  to 
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show  fine  ilaser-structure ;  indeed,  at  some  pointji  the  cherts 
have  been  sheared  into  paper-schists. 

In  the  Horseman's  Bum,  which  joins  the  Menock  from  the 
south  one  mile  north  of  Glenim,  several  repetitions  of  the  black 
shales  are  to  be  seen,  sometimes  associated  with  the  cherts.  They 
occur  also  by  the  e^ide  of  the  Dempter  Boad  leading  to  Glenim. 

In  the  Glenimshaw  Bum  below  Glenim,  and  at  the  junction 
with  the  Long  Oleuch,  black  shales  and  cherts  appear.  They 
have  been  reddened  by  infiltration  of  iron  oxide  from  the  Per- 
mian rocks  that  formerly  extended  over  the  area.  The  Kmit  of 
the  stained  rocks  is  well  defined ;  the  staining  is  not  observable 
north  of  the  foot  of  the  Lon^  Cleuch  nor  to  the  north  of  Glenim. 

Kirkbride  (East  of  Nith). — To  the  east  of  the  Nith  near 
Kirkbride,  about  five  miles  S.E.  from  Sanquhar,  black  shales  are 
frequently  exposed,  sometimes  in  the  line  of  strike  of  the 
Bummouth,  Cairn  Bum,  and  Chanlock  bands,  to  be  described  in 
the  sequel.  The  most  prominent  outcrops — though,  owing  to  the 
crushed  and  dislocated  character  of  the  shales,  fossils  are  very 
difficult  to  find — ^are  to  be  met  with  in  the  Stroquhaim  Bum — 
a  tributary  of  the  Ha'  Cleuch — and  in  one  of  its  branches,  the 
March  Cleuch.  In  both  of  these  sectiom^  the  cherts  appear  with 
the  black  shales,  the  former  being  much  crushed,  though  radio- 
laria  can  still  be  found  in  them.  In  the.se  sections  the  beds  are 
too  shattered  to  yield  graptolites.  Seveiial  felsite  dykes  occur, 
and  one  dyke  in  pai*ticular  deserves  special  mention.  It  occurs 
in  the  Stroquhaim  Bum,  about  200  yards  above  the  junction 
with  the  March  Syke,  and  consists  of  a  purple  diabase  oi' 
melaphyre,  closely  resembling  the  lavas  of  the  Permian  basin 
of  Thomhill.  Here  it  appears  as  a  dyke  which  runs  east  and 
west,  piercing  the  greywackes  on  the  north  side  of  it  and  a  yellow 
felsite  dyke  on  the  vsouth  side. 

Crossing  the  grassy  ridge  between  the  head  of  the  Stroquhaim 
Bum  and  the  head  of  the  Ha'  Cleuch,  we  find  the  black  shales 
in  the  latter  stream.  From  one  of  the  less  cmahed  layers 
the  following  fossils  were  obtained :  Leptograptus  fiojcddus,  IHcelr- 
lofjraptus  Forchlmmmeri,  Diplograptus  foliaceus,  and  Oon/iwides 
calif  ad  aris.  There  can  be  little  doubt  that  this  layer  represents 
one  of  the  bands  of  the  Lower  Hartfell  black  shales.  The 
cherts  do  not  appear  at  the  head  of  the  Ha'  Cleuch,  but  they  are 
exposed  on  the  surface  on  the  moor  to  the  north-east  of  the 
bum,  and  can  be  traced  to  the  head  of  the  Old  March  Cleuch,  a 
tributary  of  the  Enterkiu  Bum,  where  they  are  well  displayed 
though  much  stained  with  the  former  cover  of  Permian  or 
CWboniferous  strata.  They  occur  here  in  association  with 
bleached  black  shales.  In  places  the  cherts  are  hardly  recognis- 
able as  such,  and  the  black  shales  might  easiljr  escape  notice 
owing  to  the  staining.  The  cherts  appear  again  in  streanilets 
at  the  foot  of  the  Auchenlone  Bum,  near  the  northem  limit 
of  the  Permian  basin. 

Thouirh  fossils  were  not  obtained  from  the  black  shales  in  the 
tiibutaiy  of  the  Ha'  Cleuch  north  of  Kirkbride,  yet  it  is  clear 
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from  the  presence  of  the  radiolarian  cherts  and  the  dark  flinty 
ribs  that  the  Glenkiln  black  shales  are  there  represented.  The 
Lower  Hartf  ell  black  shales  probably  occur,  though*  this  horizon 
has  not  been  proved  by  fossils.  To  the  south  of  the  exposure 
of  black  shaleis  in  the  Stroquhairn  Bum,  dark  blue  shales  appear 
which  might  yield  fossils. 

Lime  Clench,  Cairn  Hill. — About  half  a  mile  to  the 
north-west  of  Kirkbride,  at  the  very  head  of  the  Lime  Clench, 
above  the  1000- feet  level,  and  not  far  from  the  top  of  the  Cairn 
Hill,  black  shales  are  exposed  in  a  rocky  gully  which  runs  north- 
east and  south-west,  or  nearly  parallel  to  the  strike  of  the  beds. 
In  this  section  both  the  Glenkiln  and  Hartfell  black  shales 
are  represented.  Tlie  black  shales  yield  THphgraptus  foliaceus, 
Dicellof/rapkis,  Grifptograjyt-iis  tricornis,  and  Lasiograpius  tnargari- 
iatu8.  About  150  yards  above  the  fork,  on  the  right  bank,  platy 
black  shales  appear  with  seams  of  grey  clays,  and  yield  the  following 
fossils : 

DiceUograptus  Forchha^mmeH  ((jiem.)  '    DiplograpUis  foliacexis  (Murch.) 
Laaiograptvs  margaritatiui  (Lap w . )  Leptograptvs  flaccidus  (Hall. ) 

Betiolitea  (Neurograptus)  fibratiis  Corynoides  calyctilaris  (Nich.) 

(Lapw.)  :    (rUmograptus  Hincksi  (Hopk.) 

The  distribution  of  the  organisms  here  is  noteworthy.  One 
layer  is  crowded  with  Corynoides  ailycularis,  another  with 
Dicellograptus,    another     with     Biphgraptus    foliaceus     in     fine 

E reservation.  This  is  the  continuation  of  the  Lower  Hartfell 
and  found  at  the  fork.  A  few  vards  up  the  gully,  on  the  left 
bank,  at  the  base  of  the  clrS,  in  black  shales  dipping  towards  the 
south-east,  the  following  forms  of  characteristic  Glenkiln  tyjje 
were  obtained : 

Didyinograptus  superstes  (Lapw.)  CUmacograptua  codatus  var.  antiquum 

Cosnograptuspertenuu{lApw.)  (Lapw.) 


Lasiograptus  bimucronatus  (Nich.) 
Diplograptus  fcHiaceus  (Murch.) 
Cliinacograptus  bicornis  (Hall.) 
,,  peltifer  (Lapw.) 


Dicellograptus  sextans  (Hall.) 

,,      patidosiis  var.  B,  (Lapw.) 
,,       inoffatensis  (Carr.) 

Ciyptogixiptxis  tricornis  (Carr.) 


Grey  fireclays  are  interleaved  in  these  Glenkiln  black  shales, 
and  thin  black  siliceous  ribs  are  also  associated  with  them. 
Another  notable  feature  of  this  section  is  the  presence  of  lenticles 
and  patches  of  grejrwacke  in  the  black  shales. 

Still  further  noith,  black  shales  appear  on  isoclinal  folds 
stretching  from  Glenim  towards  the  Nith  south  of  Dalpedder. 
In  general  they  are  too  much  crushed  to  jdeld  recognisable 
species  of  fossils.  A  band  appeai-a  also  in  the  Auchenlone  Bum, 
about  a  mile  above  its  junction  with  the  Enterkin.  To  the  south 
of  a  line  drawn  from  the  mouth  of  the  Auchenlone  Bum  to 
Glenim,  the  beds  (greywackes  and  shales,  cherts,  and  black 
shales)  are  much  stained. 

Immediately  to  the  north  of  the  line  which  has  provisionally 
been  drawn  as  the  northern  base-line  of  the  Llandovery  Bocks 
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of  the  Central  Belt,  a  prominent  group  of  sliales  typically 
developed  in  the  Lowther  Hills  is  traceable  from  the  Clyde  at 
Elvanioot  to  the  Nith  above  Enterkinfoot.  It  consists  of  finely 
laminated  shales  with  flaggy  greywackes  and  occasional  grits  or 
conglomerates.  The  shales  weather  with  a  brown  or  buff 
colour,  with  an  occasional  spotted  appearance^  The  apparent 
synclinal  arrangement  of  thiis  shaly  series  in  the  Lowther  Hills 
is  quite  misleading,  because,  as  we  have  already  shown,  the 
Arenig  cherts  and  Glenkiln-Hartfell  black  shales  repeatedly 
come  to  the  surface  in  the  midst  of  the  overlying  Lowther  group 
in  the  basin  of  the  Elvan  Water  and  between  the  Menock  Water 
and  Enterkinfoot.  Various  bands  of  pebbly  grit  and  conglo- 
merate appear  in  this  series,  of  which  the  one  on  the  north- 
western slope  of  Lousie  Wood  Law,  two  miles  south-west  of 
Elvanfoot,  is  perhaps  the  most  conspicuous.  It  contains  well- 
rounded  pebbles  of  grit,  greywacke,  pieces  of  hardened  shale, 
Lydian-stone,  and  quartz  embedded  in  a  matrix  of  greenish  grey 
quartzose  grit. 
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CHAPTER  XVI. 

THE  NORTHERN  BELT— cowWniiad. 

ARENIQ,  LLANDEILO,  AND  CARADOC  FORMATIONS  BETWEEN  NITHSDALE 

AND   LOCH  DOON. 

t.    Black  Slude  Bands  between  Bummouth,  Nithsdaie,  and 

Daishangan,  North  of  Dairy, 

Along  the  axial  line  that  extends  from  Bummouth  on  the  river 
Nith  (four  miles  S.E.  of  Sanquhar)  to  Dalshangan  near  the 
junction  of  the  Deugh  with  the  river  Ken  (five  miles  north  from 
St  John's  Town  of  Dairy) — a  distance  of  17  miles — ^the  Moffat 
series  is  well  developed.  In  certain  sections  it  yields  charac- 
teristic Glenkiln  graptolites  and  forms  belonging  to  the  two 
lower  zones  of  the  Hartfell  black  shales.  In  some  of  the  anti- 
clines, again,  the  Arenig  cherts  are  well  represented,  while  in 
the  Nith  section  at  Bummouth  and  in  the  Linn  Bum,  south- 
west of  PardingmuUach  (Sheet  15  of  the  Survey  Map),  small 
exposures  of  volcanic  rocks  make  their  appearance.  Though 
prominent  outcrops  of  the  Moffat  series  can  oe  traced  along  this 
line,  it  must  be  borne  in  mind  that  they  ckre  not  prolongations  of 
one  and  the  same  band.  The  outcrop  at  Dalshangan,  for 
example,  lies  to  the  south  of  that  of  Shinnelhead. 

River  Nith  at  Bummouth. — ^In  the  Nith,  opposite 
Ardoch  Farmhouse,  four  miles  south-east  of  Sanquhar,  the 
following  arrangement  of  the  strata  is  visible  in  the  river.  On 
the  right  bank  above  the  bend,  nearly  south-west  from  Ardoch 
Farmhouse,  shattered  and  crushed  black  shales  are  followed  on 
the  north  side  by  dark  blue  shales,  and  on  the  south  by  grey 
and  red  cherts.  A  few  yards  further  down,  a  fault  brings  the 
Olenkiln  black  shales  agaim»t  the  cherts  and  a  small  mass  of 
igneous  rock  like  one  of  the  types  of  Arenig  lava.  To  all 
appearance  the  cherts  here  form  the  core  of  an  arch  with  a  small 
exposure  of  Arenig  lava^  truncated  on  the  south  side  by  a  fault. 
From  the  black  shales  near  this  fault  the  fossils  given  in  the 
subjoined  list  were  collected,  which  are  characteristic  of  the 
Glenkiln  group.  None  of  the  Lower  Hartfell  forms  found  in 
the  Cairn  Bxim,  to  be  referred  to  presently,  was  obtained  from 
this  locality,  but  the  black  shales  are  too  much  crushed  to 
permit  of  examination  close  to  the  overlying  shales  and  conglo- 
merates :  
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Didymogrc^tus  auperstes  (Lapw.) 
C(jtnog7uptu8  gracilis  (Hall.) 

,,  pertenuis  (LApw.) 

IHcranograpttis  zic-zac  (Lapw.) 
,,  ramosys  (Hall.) 

Diplograptus  foliaceus  (Murch.)  '    A  brachiopod. 

,,  mucronatus  (HsM.) 


Ixmograptiis  bimucroyuitti^  (Nich.) 
Oryptograptus  tricomis  (Carr.) 
Glimacograptus  feicorntWHaU.) 
Olo89ograptus  Hincksi  (Hopk.) 
DtcellograptMs  moffaUixsis  (Carr.) 


Southwards  this  outcrop  of  black  shales  is  followed  by  another 
arch  of  the  radiolarian  cherts,  with  the  black  shales  on  the  south 
side.  Here  a  blank  interrupts  the  section  for  a  sliort  distance, 
when  grey  and  blue  shalea  with  scattered  pebbles,  merging  into 
a  bed  of  conglomerate,  appear.  This  conglomerate  has  a  shaly 
and  gritty  matrix,  in  which  pebbles  of  white  quartz  and  pieces 
of  black  shale  occur,  with  occasional  rounded  pebbles  of  grey- 
wacke.  It  is  followed  by  crushed  and  dislocated  black  shales, 
forming  a  small  exposure.  Lower  down  the  river,  greywackes 
and  blue  shales  with  conglomeratic  bands  appear.  At  tliis  point 
dark  blue  shales  alongside  of  the  conglomeratic  bands  have 
furnished  a  ClimacograjduSy  probably  C  eauddtus.  Still  further 
down,  beyond  some  greywackes  and  shales,  another  conglo- 
meratic band  is  seen,  with  pebbles,  either  of  quartzite  or  alt^ed 
greywacke  and  quartz-felsite.  The  greywackes  here  have  a 
baked  appearance,  possibly  altered  by  an  intrusive  felsite  dyke. 

Burn  sands  Burn. — ^To  the  south  of  the  axial  fold 
referred  to  above,  grey  and  blue  shales  are  well  seen  in  a  cutting 
by  the  road-side  about  half  a  mile  south  of  Bummouth,  and  also 
in  the  Bumsands  Bum  above  Crairieknowe.  In  this  series  of 
shales  a  remarkable  conglomerate  is  typically  displayed  in  the 
last-named  stream,  about  half  a  mile  above  Crairieknowe.  The 
rock  is  variable  in  character.  In  places  it  is  a  pebbly  grit  with 
small  white  quartz  pebbles;  sometimes  it  contains  sub-angular 
pieces  of  black  shale  with  graptolites,  lying  either  along  or 
across  the  bedding  planes.  Rounded  nodules  of  grey  limestone 
and  pebbles  of  greywacke,  grit,  quartzite,  and  one  or  two  pebbles 
of  a  banded  rock  like  a  quartzose  gneiss,  also  occur.  Some  of 
the  larger  pebbles  vary  from  six  inches  to  a  foot  across.  From 
the  black  shale  fragments  the  following  fossils  were  obtained: 
Ccenbgrafius,  DiceUograptus  seostans,  Dijjhgraptvs  foliaceus,  and 
Corynoides,  No  fossils  were  observed  in  the  limestone  nodules. 
This  conglomerate  furnishes  additional  evidence  of  the  local 
elevation  and  erosion  of  the  Glenkiln  black  shales  and  other 
Silurian  sediments. 

Fardingmullach. — In  a  streamlet  that  drains  into  the 
Bumsands  Bum  from  the  south,  about  400  yards  east  of  Farding- 
mullach shepherd's  house,  an  excellent  section  shows  the  relation 
of  the  radiolarian  cherts  to  the  Glenkiln  black  shales,  on  a  rocky 
scar  at  the  head  of  the  bum  (Figures  78  and  79).  The  cherts 
and  black  shales  occur  on  the  east  side  of  the  bum.  The  black 
shales  form  the  lower  portion  of  the  scar  on  the  northern  limb 
of  the  anticline,  while  the  radiolarian  cherts  are  prominently 
developed  near  the  top  of  the  scar,  in  the  core  of  the  arch 


Tht  Northern  Belt — Arrjiy/,  IJandrilo,  C'aruiloe  Hocks. 


335 


(C.  Fig.  78).  The  black  »halee  are  disposed  iu  sharp  synclinal 
foldn  of  the  cherts,  and  appear  likewise  on  tiie  soui^-east  limb  of 
the  fold  (2',  3",  Fig.  79).  The  grey  and  red  mudstonea  are 
exposed  in  the  centre  c^  the  fold,  the  grey  and  green  cherts 
predominating.  The  beat  fossiliferous  localitiee  for  graptoUtes 
are  to  be  found  on  the  northern  limb  of  the  fold,  where  tne  out- 
crop of  black  shales  facing  the  bum  is  about  40  feet  broad. 
The  lower  portion  of  the  band  is  composed  of  thin  black  siliceous 
bands  with  thin  seama  of  sooty  sbales  containing  graptolite^. 


Fra.  7S. — Plan  of  StratA  in  a  tributary  of  Bumaandfl  Bum,  400  yards  east 

of  Fardingmullach,  Nithsdale. 

1.  R«d  roudstone  (Arenig).      C.  RadiularUn  chert.      21-  Glenkiln  Shales. 

311-  Lower  H&itfeU  Shales.    3.  Greywacke  and  shale  (Camdoc). 


2'    y 


(BxfimuUwn,  a$  in  I^.  78.) 
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The  following  »peoies,  among  others,  were  obtained  from  the 
Glenkiln  horizon:  Didymograptits  sujyyrstes,  CosnograpkiSy  Ijosuh- 
grwptus  ImrmcTonatxLSy  IHphgraptus  folicbceus,  and  Diceliograptus, 

These  strata  are  succeeded  by  black  shales  yielding  Dicrano- 
grapttis  ra/mosits,  Climacor/raptus  Incornis,  C,  cavdaUis,  Diph- 
graptus  folidceus,  and  Acrotreta  Nicholsoni.  Some  of  the  thin 
seams  are  crowded  with  this  brachiopod,  and  also  with  Climaco- 
grapttis.  In  addition  to  these  fossils,  the  same  shales  contain 
Corynoiies  caJycularis,  and  Diceliograptus  elegaiis,  while  in  some 
seams  Climacograptus  cavdatus  is  abundant,  in  others  C.  hicomis. 
Blue  and  grey  shales  emerge  on  the  grassy  slope  on  the  other 
side  of  the  hollow,  but  the  sequence  upwards  to  these  shales  ia 
not  visible.  The  general  dip  in  this  section  being  to  the  north- 
we«t,  the  strata  are  thus  disposed  in  a  series  of  isoclinal  folds 
(Fig.  79). 

About  half  a  mile  to  the  north-east  of  the  section  just 
described,  the  Lawyers  Cleuch — ^a  tributary  of  the  Bumsands 
Bum  from  the  north — displays  crushed  and  shattered  black 
shales,  bounded  on  both  sides  by  shales  with  scattered  pebbles, 
like  the  beds  at  Bummouth  on  the  Nith. 

About  a  mile  to  the  south-west  of  Fardingmullach,  in  the 
Druidhill  Bum,  in  the  line  of  strike  of  the  folds  already 
described,  an  axial  fold  of  cherts  brings  up  black  shales  on 
both  sides.  The  black  shales  reappear  in  the  Linn  Bum — a 
tributary  of  the  Dmidhill  Bum — ^but  in  both  streams  the  strata 
are  much  shattered  and  crushed,  and  fossils  were  not  obtained 
from  them.  At  a  point  about  a  third  of  a  mile  above  the 
junction  of  the  streams,  decomposing  green  diabase-lava  occurs 
in  the  Linn,  in  contact  with  black  shales.  Though  much 
crushed  and  veined  with  carbonate  of  lime,  the  rock  exhibits  the 
pillowy  structure  at  one  point. 

Cairn  Burn. — ^This  stream  which  drains  the  northem 
slope  of  the  Caimkinna  Hill  (1813  feet),  affords  a  section  of 
black  shales  near  the  fork,  and  for  some  distance  below  that 
point.  At  the  foot  of  the  north  branch,  platy  black  shales  have 
yielded  BiceUograptus  Forchhammeri  (seen  in  countless  pro- 
fusion on  the  slabs) ;  and  THphgrapius  foliaceits,  &c.,  beautifully 
preserved.  Olossograptus  HincM  and  Climacograptus  have  also 
been  found.  A  few  yards  up  this  branch,  at  the  foot  of  the 
waterfall,  a  fault  crosses  the  bum,  and  brings  grey  shales  and 
greywackes  againjst  the  black  shales.  ^ 

'the  most  important  fossilif erous  locality,  however,  lies  about 
60  yards  below  the  fork,  on  the  north  bank  of  the  stream,  where 
platy  shales  dip  about. 70*  to  S.S.E.  In  a  thickness  of  about 
twelve  inches  of  these  strata  the  following  fossils  were  collected : 

/)iV<?Mo(m»pti«» -ForcWwtmweW  (Gein.)    !   Amphi^r<x^tm  radiaius^^w.) 

cadALceu»(JjB,y9f,)  Glo88ograptu8  Htruiksi  (HoYik.) 

' '            elegans  (Carr. )  Diplograptus  foliacevs  (Murch. ) 

]Mcra/^i>graptus  ramomu  (Hall.)  Ixmograptus  margaritcUus(Upw.) 

LepUyqraptusflac^'ii*  (Hall.)  Clorynoidesmlycylarui^^ 

atm^w^mphiir  McomVir  (Hall.)  Acrotreta  Ni4:h6lsoni  (D^v.) 

candaius(LsLpvr.)  *  '     Siphonotretamicnla  {M'Coy.) 
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The  presence  of  CUmacAxjraptiis  cavdatvs  and  C.  cadnceus 
defines  the  horizon  of  this  band  which  underlies  the  Pleuro- 
graptvs  linearis  zone,  and  belongs  to  the  middle  zone  of  the 
Lower  Hartfell  black  shales.  Certain  interesting  features 
connected  with  the  mode  of  occurrence  of  some  of  these  grapto- 
lites  deseiTe  notice.  For  example,  some  of  the  slabs  are  crowded 
with  DiceUograptus  Forchhummeri,  others  with  Leptograptus 
Jl^iccidus,  others  again  with  Biplofjrapius  foliaceus.  Apart  from 
the  presence  of  the  special  zonal  foims,  the  occurrence  of  these 
species  in  such  profusion  is  a  feature  peculiar  to  the  lower  Hart- 
fell  zones. 

In  the  Carlinstane  Bum  which  joins  the  Scai*  Water  about  a 
mile  below  Glenmanno,  black  shales  occur,  very  much  crushed. 
They  reappear  in  the  Hallscar  Cleuch»  j^robably  in  the  same  line 
of  stinke. 

Scar  Water. — Further  north,  in  the  Scar  Water,  at  the 
bridge  across  the  stream  leading  to  Olenmanno,  platy  black 
shales  dip  to  the  south-east  at  high  angles.  A  few  feet  south 
of  the  bridge  they  have  supplied  Biphgraptus  foliaceuB  in  profusion 
on  a  single  slab  to  the  exclusion  of  other  fonns.  Specimens  of 
Lasiograptus  margaritatus  and  siculaa  of  Diplograpti  have  also  been 
obtained.     Under  the  bridge  greywackes  and  shales  crop  out. 

Hall  Bur  n. — The  band  of  black  shale  in  the  Scar  Water, 
at  the  Glenmanno  Bridge,  is  represented  in  several  arches  in  the 
Hall  Bum. 

Tributary  of  the  Dalzean  Burn  (South- West  of 
Glenmanno). — South-westwards  from  the  Scar  Water  a  tributary 
of  the  Dalzean  Bum,  which  rises  on  the  slope  of  Craigbuie  Hill, 
displays  a  section  of  the  i*adiolarian  cherts  and  black  shales.  A 
faidt  runs  up  the  bed  of  the  stream,  bringing  greywackes  and 
shales  in  contact  with  the  cherts  and  black  shales.  In  addition 
to  the  Glenkiln  black  shales  with  thin  dark  flinty  ribs,  some 
layers  are  crowded  with  Diplograptus  foliaceus  and  Corynoides 
calycularis.  It  is  probable,  therefore,  that  the  lower  zones  of  the 
Hartfell  black  shales  ai*e  also  represented  in  this  section. 

Ghanlock  Water. — A  section  of  the  radiolarian  cherts 
with  black  shales  has  been  laid  open  at  the  top  of  the  Peathouse 

«3  A^_2i        2  21  2^ 
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Fio.  80. — Section  in  Chanlock  Water,  Chanlockhead. 

C.  Radiolarian  chert.      21.  Glenkiln  Shales.      311.  Lower  Hartfell  Shales. 

3.  Greywacke  and  shale  (Caradoc). 

Clench,  a  small  tributary  of  the  Chanlock  Water  above  Chanlock- 
head. Alx)ut  half  a  mile  west  from  Chanlockhead  shepherd's 
house,  the  most  westerly  exposure  of  black  shales  occurs,  and 
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from  this  downwards  for  a  distance  of  500  yards  the  stream  flows 
over  black  shales  with  radiolarian  cherts  and  greywackes.  In 
the  foregoing  section  (Fig.  80)  the  most  westerly  fold  is  repre- 
sented by  a.  At  locality  h  another  fold  shows  the  black  shales. 
On  the  west  side  of  this  arch  a  small  fault  brings  the  graptolite 
shales  in  contact  with  the  greywackes.  A  few  feet  from  this 
fault  these  platy  shales  contain  well-preserved  graptolites 
belonging  to  tne  Lower  Hartfell  zones,  as  given  in  the  following 
list: 

Dicellograptus  moffatensis  (Carr.)  '    Climacograptus  caudtdus  (Ltipw.) 

,,  sp.  ,,  6icomw  (Hall.) 

Diploffraptiu  foliac^ua  (Murch.)  ,    Corynoide»  calycidaris  (Nich.) 
Dicranograptn^  ramosus  (Hall.)  Aerotreta  Nicholsoni  (Dav.) 

, ,  NichoLsoni  (Hopk . ) 

At  this  locality  some  of  the  slabs  are  crowded  with  DiceUo- 
graptus,  &s  is  the  case  with  the  same  zone  in  the  Cairn  Bum 
and  at  intermediate  localities. 

Lower  down  the  stream  the  radiolarian  cherts  occur  in  com- 
pound folds  with  the  black  shales  (C,  2\  Fig.  80).  After  a  blank 
in  the  section  the  black  shsdes  reappear  in  the  stream  near  a 
footbridge  about  500  yards  west  from  Chanlockhead  shepherd's 
house.  In  this  case  also  they  are  associated  with  radiolarian 
cherts  which  form  the  core  of  the  arch.  A  few  yards  above  the 
footbridge  they  afforded  the  following  typical  Glenkiln  forms : 

Didymograptus  superstes  (JjBk^yf .)  \    DiceUograptus  sextans  (HaW.) 

Coerwgfaptus  pertejiuis  (LsLpyr.)  ,,            patulosus  (Laapw.) 

Dicranograptns  fm-maaiis  (Hopk.)  Onjptograptus  tricomis  (Carr.) 

,,               ramosiia  (Hal\.)  Climacograptus  bicornis  (Ha\\.) 

Black  shales  appear  in  the  Chanlock  still  further  down,  op- 
posite the  shepherd's  house  of  Chanlockhead. 

Shinnelhead  (Sheet  9  of  Survey  Map). — In  the  basin  of 
the  Shinnel  Water,  an  interesting  section  of  the  Arenig  cherts 
and  black  shales  is  to  be  seen  in  Patie  Clench,  about  300  vards 
west  of  Shinnelhead  shepherd's  house.  In  this  stream  the  grey 
Arenig  cherts  with  radiolaria  are  brought  to  the  surface  along 
several  axial  folds,  followed  bv  the  Glenkiln-Hartfell  black 
shales.  The  following  fosvsils  were  obtained  from  the  exposures 
of  the  Glenkiln  shales  in  this  section : 

Lamograptus  himucronatvs  (Nich.)  '    (Vimnrtjgrajftvs  hicomis  (Hall.) 
Diplograptus  eughfphnis  (Lapw.)  ,,  tridentatxts  (Lapw.) 

,,  f oiicK-.eus  (MuTch.)  ,,  Schiirenhergi  (lApw.) 

Oryptograptns  tricomis  (Carr.)  Dirrnnograptvs  ramosus  (Hall.) 

From  the  Hartfell  black  shales  the  following  assemblage  was 
collected : 

Climacograptus  raudatus  (Lapw.)  |    Olossograptu*  Hincksi  (Hopk.) 

.*              hicomis  CHaXl.)  Coryrwidcs  calycularis  (Sich.) 

Dicellograptn.s  caduceus  (Lapw.)  Retiolites  in  large  numbers,  but  in- 

Diplograptus  foliaceus  (Murch,)  i           distinct. 

Lamograptus  margaritatus  (lia])w.)  Aerotreta  NichoIj*oni  (Dav.) 
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At  the  highest  exposure  of  black  shales  in  Patie  Cleuch,  which 
is  about  400  yards  up  stream  from  the  Shinnel  Water,  the  black 
shales  of  the  Hartfell  group  yielded  DiceUograptiis  Forchhamm^i, 
D.  mojfatensis,  IHplograptus  foliaeeus^  and  Leptograptus  flaccidus. 

In  a  small  streamlet  that  joins  the  Shinnel  Water  on  the  south 
side  of  the  valley  near  Shinnelhead  shepherd's  house,  some  axial 
folds  reveal  the  grey  radiolarian  cherts  and  black  shales.  The 
latter  are  so  crushed  that  fossils  are  difficult  to  obtain  from  them» 
but  the  following  among  other  forms  were  here  collected :  Lasio- 
grapius  himaicronaius,  JD,  foliaceus.  D.  tricomis,  Vicellograptus, 
Cori/noides  cahfcalaris. 

South-westwards  alon^  the  strike  of  the  Shinnelhead  band,  the 
cherts  and  black  shales  reappear  in  the  Appin  Bum,  about  a 
mile  from  the  head  of  the  stream.  About  150  vards  north  of  a 
small  tributary  from  the  Conrick  Hass,  at  the  northern  margin 
of  an  alluvial  patch,  Glenkiln  shales  with  black  cherty  ribs  and 
seams  of  black  shales  have  yielded  an  €tssemblage  of  character- 
istic fossils : 


Didymograptus  superstes  (Lapw. ) 
Ccsnograptus  gracilis  (Hall.) 

,,  pertervuis  (Lapw.) 

Tha/mnograptu8  acoticus  (Lapw.) 
Laaiograptus  himucronatus  (Nich.) 
Diplograptus  foliaceus  (Murch.) 


Climacograptxts  bicomis  (Hall.) 

peltifer(LApw.) 
,,  ap. 

Dicranograptvs  zic-zac  (Lapw. ) 

ramcysus  (Hall. ) 
Nichclsoni  (Hopk.) 


euglyphus  (Lapw. )  , ,  formosus  (Hopk . ) 

Oryptograptvs  tricornis  (Catt.)  '    Dicpllograptus  sextans  (HaU.) 
Lasiograpttis  margaritat-iis  (Jj&pw.)  ,,  paiulosxis  (Ltkpw.) 

Glossograptits  Hincksi  (Hopk.)  Cfynfnoides  mlycutaris  (Nich.) 

Further  north  in  the  Appin  Bum  a  small  exposure  of  the  grey 
cherts  with  radiolaria  is  succeeded  on  the  north  side  by  black 
shales.  At  the  most  northerly  point,  where  the  black  shales  in 
this  section  are  seen  in  contact  with  greywackes,  the  black  bands 
yielded  Bicranograjytus  Nicholsoni  ('wide-angled  variety),  Siphono- 
treta  micula,  and  a  Diplograptus  like  D.  euglyphus. 

The  small  tributary  of  the  Appin  Bum  which  drains  the  south- 
east slope  of  Blackcraig  Hill  exposes  black  shales  that  dip  south- 
east at  an  an^le  of  80**.  They  reappear  on  the  col  between 
the  Appin  and  Dalwhat  Waters,  where  in  one  exposure  they 
yield  Btcranograpius  ramosus  and  THplograptu^  foliaceus.  They 
are  visible  at  one  point  in  the  Conrick  Bum,  about  half  a  mile 
from  the  Dalwhat  Water.  Here  they  pass  underneath  a  cover- 
ing of  boulder-clay  and  moraine-material  to  reappear  in  tht 
Dalwhat  Water  ana  Dibbin  Lane. 

Dibbin  Lane  and  Dalwhat  Water. — The  sections 
now  to  be  described  are  of  special  interest  from  the  large 
exposures  of  the  black  shale  series  and  tlie  excellent  preservation 
of  the  fossils  at  certain  localities,  and  also  from  the  assemblage 
of  graptolites  characteristic  of  part  at  least  of  the  Hartfell  black 
shales. 

The  Dalwhat  Water,  just  below  the  mouth  of  Dibbin  Lane, 
flows  over  flaggy  shales  and  grits :  above  that  point  black  shales 


840 


T}f  Silu,-ian  Hods  of  Seolhiwl 


appear,  a»iociat4>(l  with  grey  cherts  that  contain  abimdaut 
radiolaria.  On  the  north  side  of  the  axial  fold,  the  thin  partiug s 
of  black  shales  between  the  black  cherty  ribs  of  the  Glenkim 
group  contain  the  following  fossils : 

Catwgraptui  gracilit  (Hall.) 

perfenuu  (Lapw.) 

,,  aurcuiartf  (Hall.) 

DkeUofp-ttpttit  textaixs  (Hall.) 

,,  fKitulomis  (Lapw.) 


Dieettograptwi  tiniffaUnMsJCarr. 
I}iemTio(/raptui  ramona  (Hall.) 


Clitnarotrniplus  bicomii  (Hall.) 

,,  Schartnbergi  (Lapw.) 


The  Dibbin  Lane  is  a  narrow  )>as.'4  that  leads  to  the  streams 
draining  into  the  river  Ken,     Its  lower  slopes  are  covered  with 


Fig.  81.— Plan  aud  Section  of  Stmta.  ftM>t  of  Dibbin  line,  Dalwhat  Water, 
C.   Radiolarian  chert.     21.  Glenkiln  ShaleB.     .^H.   Lower  Hartfell  Shales. 
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diift.  At  the  lower  end  of  the  pass  the  Moffat  Shales  appear  ou 
the  south  bank  and  run  up  the  valley,  forming  a  ridge  at  the 
outer  edge  of  the  alluvium.  They  are  also  visible  at  a  bend 
in  the  Lane  to  the  north  of  this  ridge,  as  shown  in  the 
accompanying  ground  plan  (Fig  81).  On  the  south  side  of  the 
stream  at  C,  two  small  arches  of  the  red  radiolarian  cherts  are 
overlain  bv  the  Glenkiln  black  shales  of  the  normal  MofEat  type, 
^az. :  black  cherty  ribs  with  thin  sooty  paitings  of  black  shale, 
containing,  among  other  forms  chaiucteristic  of  this  group: 
CUmacmjraidus  aelatus  var,  antiqwm  (Lapw.)  Diploijrwpius  perexcor- 
vatus,  and  B.foliaceus.  Eepresentatives  of  the  Hartfell  black  shales 
occur  ou  the  north  limb  of  this  fold  at  A,  in  the  form  of  platy 
shales,  yielding  the  following  typical  forms,  which  prove  that  these 
shales  represent  the  lower  portion  of  tlie  Hartfell  black  shale  group : 


Gliinacograptus  caudatus  (Lapw.) 
DipU)grapt\i>s  foliaceus  (Murch.) 
Garynoides  ccdycularis  (Nich.) 
Dicdlog^raptu^  Forchhammeri  (Grein.) 


Clhnacoyraptiis  hicornu  (Hall.) 

,,  Schdrenbergi  (Lapw.) 

Leptograptii^  flaecidiis  (Hall.) 


At  a  j>oint  about  120  yards  up  the  stream  from  the  dyke  that 
crosses  the  mouth  of  Dibbin  Lane,  the  Glenkiln  black  shales, 
as  displayed  on  the  face  of  the  bank  on  the  south  aide  of  the 
stream,  again  present  all  the  lithological  characters  so  typical 
of  this  group  in  the  Moffat  region.  Tney  consist  of  black  cherty 
ribs  wifli  thin  partings  of  black  sooty  shales,  from  which  a  large 
assemblage  of  the  typical  Glenkiln  fossils  has  been  obtained : 

Diciunograptus  nnnimtis  (Lapw.) 
Cliniac<Hfraptus  bicomis  (Hall.) 

peltifer  (Lap  w . ) 
,,  ccelatus  VAT.  antiquws 

(Lapw.) 
Dicellogi'aptus  patulosus  (Lapw.) 

divaricatus  (Lapw.) 
sextaTM  (HaU.) 
fnoffatensis  (Carr. ) 
Leptograpt  us  JUxccidus  (Hall. ) 
Olossograptus  Hinckai  (Hopk.) 


Did\jmograptu9  superstes  (Lapw.) 
(Joenoffraptus  gracilis  (Hall.) 

,,  pertenuis  (Lapw.) 

,,  *urcttZam  (Hall.) 

LcusiiXfraptus  himucroncdus  (Nicli.) 

, ,  Harhnessi  (Nich. ) 

LHplograptu^  foliaceus  (Murch.) 

WJiitfieldi  (Hall) 

,,  perexcavattis  (La^w.) 

(■nfptograptus  tricomis  (Carr.) 
Dicranograptus  formosus  (Hopk.) 
,,  /Yimosiw  (Hall.) 


♦  ♦ 


»» 
♦  » 


Higher  up  in  the  Dibbin  Lane  the  cherts  appear  in  greater 
development.  At  a  point  about  600  yards  up  stream,  grey 
cleaved  cherts  appear  on  the  south  bank  associated  with  red  and 
grey  mudstones,  which  enclose  brachiopods.  The  south  limb  of 
this  fold  of  cherts  and  red  mudstones  shows  the  Glenkiln  black 
shales,  which  are  abruptly  succeeded  by  greywackes  and  shales. 

The  axial  fold  of  radiolarian  cherts  ana  liiudstones  which 
extends  along  the  south  bank  of  the  Dibbin  Lane  crosses  the 
stream  at  a  point  about  half  a  mile  up  from  the  junction  with 
the  Dalwhat  Water.  Here  the  burn,  taking  a  bend  towards  the 
south,  crosses  the  strike  of  the  fold.  On  the  south  bank,  grits 
dip  south-east  near  the  black  shales,  and  are  succeeded  by  flaggy 
sandy  shales  with  worm  tracks.     The  latter  occupy  a  synclinal 
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fold,  and  are  bounded  by  grits  on  the  south  side.  These  are  in 
turn  followed  by  another  axial  fold  of  the  Arenig  cherts,  with 
the  black  shales  (Glenkiln  and  Hartfell)  on  both  sides.  This 
arch,  forming  a  prominent  rid^  of  rock,  can  be  traced  south- 
westwards  till  it  crosses  the  Dibbin  Lane  to  the  west  of  a  sheep- 
fold  on  the  south  side  of  the  stream,  where  two  arches  of  the 
cherts  occur  with  the  Glenkiln  black  shales  in  the  centre  of  the 
sjmcline  and  flanking  the  outer  folds  of  the  chert  (Pig,  81,  Section). 
On  the  north  bank  of  the  stream  (at  D,  Fig.  81),  the  black 
shales  with  black  cherty  ribs  in  the  central  fold  jri  elded  the 
following  forms : 

Didymograptus  superdesilA^vr.)  Dicellograptus  sextans  (HaYL.) 

Laslograptus  bimucronatus  (l^ich.)        ,    Climacoqraptus  bicomis  (Hall.) 


Diploffraptus  foliaceus  (Muroh.)  |    Dicranograptus  ramostui  (HaW,) 

Ciyptcgfiiptus  tri4x>mis  (Carr.) 


On  the  southern  limb  of  the  fold  (at  E,  Fig.  81),  the  Hartfell 
group  occurs  in  the  form  of  platy  black  shales,  which  resemble 
those  of  a  similar  horizon  in  the  Cairn  Bum  (supra  p.  336),  and 
yield  the  forms  characteristic  of  the  Climacograptus  caudatus 
zone.  The  slabs  are  crowded  with  large  specimens  of  Clima- 
cograptus  caudaius,  also  with  Corytioides  adycalaris  and  Dqilograptus 
foliaceus  in  profusion.  On  the  north  side  of  this  compound 
anticlinal  fold  (at  F,  Fig.  81),  the  black  shales  yield  CUinacograptus 
caudatitSy  Corynoides  calycularis,  THplograptus  foliaceuSy  and  Ghsso- 
graptus  Hincksi. 

The  section  of  this  conipound  anticline  shows  that  the  Moffat 
black  shales  (Glenkiln- Aartf ell),  as  here  represented,  still 
preserve  the  normal  lithological  characters  of  the  Moffat  region. 
The  highest  sub-zones  of  the  Hartfell  group,  however,  have  not 
been  detected  in  this  section,  and  it  is  probable  that  they  are 
represented  by  some  of  the  succeeding  seoiments. 

Still  higher  up  the  Dibbin  Lane,  further  axial  folds  reveal  the 
cherts  and  Glenkiln-Hai-tfell  black  shales,  till  at  a  point  on  the 
north  bank  of  the  stream,  about  two^thirds  of  a  mile  up  from  the 
Dalwhat  Water,  black  shales  of  the  Hartfell  group  merge  into 
black  sandy  shales  with  large  specimens  of  Dicellograptus,  asso- 
ciated with  Diphgraptus  foUa^eiis,  Glossograptus  Hincksi.  and 
LeptograpUis  flaccid  us. 

About  a  third  of  a  mile  from  the  county  boundary,  the  hill 
slope  on  the  south  side  of  the  Pass  is  scarred  by  several  small 
streams,  most  of  which  expose  some  of  the  members  of  the  Moffat 
series.  In  the  second  streamlet  from  the  county  boundary, 
draining  the  west  slope  of  the  Martour  Hill,  flinty  black  shales 
occui',  and  limestone  nodules.  On  the  other  side  of  the  county 
lK)undary,  the  representatives  of  the  Moffat  series  can  still  be 
traced  at  intervals  in  a  south-west  direction.  About  a  quarter 
of  a  mile  from  the  bounds^  the  stream  forks,  one  branch  drain- 
ing the  southern  slope  of  rfenbrack  Hill  and  the  other  rising  on 
the  mossy  col  between  Dibbin  Lane  and  Manwhill.  On  the 
south  side  of  the  latter  branch,  an  arch  of  the  radiolarian  cherts 
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throws  off  the  black  shales  on  either  side ;  while  in  the  former 
branch,  the  Hartfell  black  shales  are  well  displayed  in  contact 
with  the  greywackes.  Here  the  strata  dip  southwards  at  56°,  and 
the  black  shales  have  famished  the  following  characteristic 
assemblage  of  fossils : 

DiceUogiuptua  Forchhammeri  (Gein. ),       Dicranograptus  Nicholsoni  (Hopk. ) 

in  profusion.  CliniacograpUis  caudatus  (lipw.) 

Leptoffraptus,  in  profusion.  ,  ,,  bicamis  (Hall.) 

Corynoiaes  ,,  Siphonotreta  micula  (M'Coy.) 

Diplograptus  foliaceus  (Murch.)  i    Retiolites  (Neurograptus)  fibroins 
Dicranograptua  ramosua  (Hall. )  (Lapw. ) 

M  a  n  w  h  i  1 1. — On  the  noi-th  slope  of  the  Stroanf reggan  Bum, 
the  black  shales  appear  in  a  small  bum  about  350  yards  south- 
west of  the  shepherd's  house,  near  the  road  leading  to  Manwhill. 
Cleaved  black  chei^ts  are  there  seen  with  the  black  shales. 
The  latter  yielded  the  following  fossils :  Didymograj^tua  superstes, 
Gryptograptvs  tri^comis,  Glimacograptus  bicornis,  Diphgraptua  foUor- 
ceu8,  tHceUograptus  sextans,  Dtcrcmograptiis  ramosus,  Glossograptus 
Hincksi.  The  cherts  and  black  shales  are  likewise  met  with  in 
a  tributary  of  the  Stroanfreggan  Bum  on  the  north-west  side 
of  the  valley,  and  about  half  a  mile  from  Manwhill. 

Stroanpatrick. — ^A  good  section  of  the  Moffat  series  has 
been  cut  by  the  Long  Bum,  about  a  third  of  a  mile  north-east 
of  the  ruin  of  Stroanpatrick  shepherd's  house.  Here  two  arches 
of  the  sti'ata  ai-e  exposed ;  of  tnese  the  more  southerly  arch  of 
grey  cherts  measures  about  two  feet  in  breadth,  while  the  distance 
from  this  point  to  the  brown  flaggy  shales  is  about  eight  yards. 
The  following  fossils  were  found  in  the  black  shales  on  the  south 
side  of  this  arch  of  cherts,  viz. :  Diplograptiis  foliaceus,  Griipto^ 
graptus  tricomis,  Gliniacograptus  hicorniis,  G.  peltijfer,  and  Acrotreta 
Nicholsoni,  &c.  On  the  north  side  of  the  same  arch  of  cherts  the 
black  shales  yielded : 

LHdynwgixtptua  superstes  (Lapw.)  Leptograptus  fl^xccidvs  (Hall^ 

DicrarwgrajytuA  minhnus  (Lapw.)  Clathrograpivs  cuneiformis  (Lapw.> 

(Mmacograptus  bicarnu  (Hall.)  (Jon/rundes  ccUycularis  (Nich.) 

Diplograptus  foliaceiis  (Murch.)  Acrotreta  Nicholsoni  (Dav.) 

Further  up  stream  shattered  Glenkiln  Shales  can  be  folio'Ved 
till  they  rest  on  the  second  arch  of  the  cherts,  which  is  from  f ot\r 
to  six  yards  across.  The  black  shales  on  the  south  side  of  this 
fold  dip  at  a  low  angle,  while  on  the  north  side  they  are  ne?,rlv 
vertical.  At  the  northern  limit  of  the  section  the  fiartfell  black 
shales  contain  DiceUograptus  cadiweus,  D,  elegans,  Diplograptus 
foliciceus,  Leptogrwptvs  fiacddiLs ;  in  band  next  greywacke,  DiceUo' 
graptxfs  sextans,  Gorynoides  calycularis,  and  Siphonotreta  micula. 
Near  the  ruin  of  Stroanpatrick  sheplierd's  house  a  very  small 
exposure  of  black  shales  may  be  seen. 

Dalshangan,  Water  of  Deuoli. — Proceeding  west- 
wards for  a  distance  of  nearly  four  miles  to  the  Water  of  Deugh, 
we  find  an  important  section  of  black  shales  of  the  Hartfell 
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group  to  the  north  of  the  mansion  house  of  Dalshangan.  About 
a  third  of  a  mile  north  of  Dalshangan  the  Pulwhanity  Bum, 
about  200  j'^ards  above  its  junction  with  the  Deugh,  flows  over 
black  shales  piei*ced  by  intrusive  dykes,  and  associated  with 
greywackes  and  shales.  On  the  west  bank  of  the  Deugh,  at  a 
point  about  300  yards  from  the  foot  of  Pulwhanity  Bum,  fine 
specimens  of  CHmacograjjius  cuudatus  have  been  obtained.  The 
black  shales  occur  on  the  grassy  slope  about  fifty  feet  above  the 
level  of  the  Deugh,  and  are  so  completely  isolated  that  their 
relations  to  the  surrounding  strata  cannot  l)e  ascertained.  They 
have  supplied  the  following  fossils : 

Olimacograptus  caudaius  (Lapw.)  Dicellogniptus,  numerous  arms  cover- 
Dicranograptus  Nicholacmi  (Hopk.)  ing  slabs. 

,,  ramosus  (Hall.)  Cliniacograptus  buoniis  (HfM.) 

Diplograptxis  foliaceus  (Murch. )  Retiolites  (Nen  rograptus)  fibratm 

,,  mucronated.  (Lapw.) 

LeptograpttLS  /laccidus  (Hall. )  Con/iioides  calycularis  (Nich. ) 

DiceUograptus  Forchhammeri  (Gein.)  Acrotretu  Nicholsoiii  (Dav.) 

Black  shales  are  again  exposed  on  the  banks  of  the  Deugh 
about  200  yards  further  to  the  noiiih-east. 

Small  outcrops  of  the  Moffat  series  come  to  the  sui-face  further 
to  the  south-west,  in  certain  tributaries  of  the  river  Ken,  that 
drain  the  lofty  watershed  of  the  Kells.  These  sections  will  now 
be  described. 

Pulmaddy  Bur n. — ^In  this  stream,  about  a  mile  above  its 
junction  with  me  Water  of  Deueh  (Sheet  8  of  the  Sui'vey  Map), 
black  shales,  visible  on  the  left  bank  near  Largerie,  and  on  tne 
hill  slope  to  the  north-east,  are  corrugated  and  crushed  and  have 
supplied  no  graptolites. 

Pulharrow  Bur n. — ^In  a  small  tributaiy  of  the  Pulharrow 
Bum,  about  550  yards  W.N.  W.  of  Nether  Forrest,  near  an  old  fence, 
a  small  outcrop  of  black  shales  has  yielded  Coenograpius  gracilis, 
Diplograptus  foliaceus,  Crijpiograftus  tricorriis,  and  Dicellograpius, 
In  the  Pulharrow  Burn,  about  half  a  mile  to  the  west  of  Nether 
Forrest  and  north  of  the  Bush  Cottage,  another  outcrop  of  the 
Moffat  series,  though  not  continuous,  is  interesting  on  account  of 
the  presence  of  a  thin  zone  of  volcanic  rocks  which  seems  to 
occupy  a  higher  hoiizon  than  that  of  the  Arenig  series.  The  follow- 
ing ground-plan  shows  the  disposition  of  the  rocks  at  this  place. 
At  the  western  limit  of  this  section,  on  the  north  bank  of  the 
stream,  well-bedded  platj'  shales  yield  Dicellograpti  in  profusion 
in  certain  layers,  together  with  the  large  variety  of  Diplograptus 
foliaceus.  The  mode  of  occurrence  of  these  forms  suggests  that 
the  strata  belong  to  the  Lower  Hartfell  horizon.  Two  or  three 
yai'ds  below  this  point,  on  the  north  bank,  thin  grey  greywackes 
and  shales  occur  with  black  shales,  which  yield  poorly  preserved 
graptolites.  Eastwards  a  band  of  diabase-lava  (Bb2,  Fig.  82),  about 
50  feet  broad,  weathers  spheroidally,  but  is  too  much  decomposed 
for  microscopic  determination,  though  in  the  field  it  bears  a  close 
resemblance  to  some  of  the  fine-grained  diabase-lavas  of  Arenig 
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age.  On  the  south-east  side  of  the  exposiu'e,  black  shales  occur, 
yielding  the  zonal  Glenkiln  form  Dicranograpius  minimus. 
Again,  on  the  bank  of  the  bum  below  the  footbridge,  black  shales 
appear,  from  which  certain  typical  Glenkiln  fossils  have  been 
obtained.  Fui*ther  down,  the  stream  lays  bare  alternations  of 
blue-black  shales  and  thin  gi'eywackes  and  shales.     From  one 
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Fig.  82. — Plan  of  Strata  in  Pulharrow  Burn,  near  Nether  Forrest.^ 

21.  Glenkiln  Shales.      311.  Lower  Hartfell  Shales.      Bb2.  Diabase-lava. 

F.  Felsite  dyke.     ^^  Alluvium. 

of  the  black  shale  bands  on  the  north  bank  Climucograptus 
caudaius  was  obtained.  From  the  ari'angement  of  the  strait  in 
this  section  it  would  seem  that  tlie  Glenkiln  back  shales  are  tlie 
lowest  beds  exposed,  and  that  these  are  followed  on  both  limbs 
by  black  shales  and  other  sediments,  from  which  Lower  Hartfell 
fossils  have  been  collected. 

Near  Bumhead,  south  of  Nether  Forrest,  various  outcrops  of 
black  shales  appear,  but  in  places  too  much  altered  by  the  adja- 
cent mass  of  igneous  rock  to  yield  graptolites. 


ii.    Black  Shale  Bands  bebceen  Vpper  Apinn,  SMnnel  Water,  and 

Arndarroch,  River  Ken. 


Upper  Appin  (Shinnel  Water,  Sheet  9  of  the  Survey 
Map). — About  a  mile  to  the  south  of  the  black  shale  bands 
already  described  between  Shinnelhead  and  Dalshangan,  many 
of  the  outcrops  of  similar  shales  do  not  yield  graptolites  in  sucn 
profusion,  partly  owing  to  their  shattered  chai-acter  and  partly 
to  the  cleavage  of  the  shales. 

In  the  Appin  Burn,  about  half  a  mile  to  the  west  of  Upper 
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Appin  shepherd's  house,  the  black  shales,  including  about  two 
feet  of  dark  greywacke,  have  yielded  the  following  fossils : 

LoMograptuA  bimucronatua  (Nich.)  Dicranograptus  zic-zac  (Lapw.) 
Diplograptiis  eugh/phus  (Lapw.)  ,,  ranwms  (Hall.) 

,,  folia^ieiis  Ci/Lurch.)  ,,  sp. 

,,  trwornis  (Carr.)  Corytwtdes  co/i/ctiZam  (Nich.) 

( Jliviacograptus  peltifer  (lApw,)  ,,  sp. 

, ,  bicomis  (Hall. )  StphiynAjtreta  micula  (M 'Coy. ) 

,,  Schdrenhergi  (lApw.)  Acrotreta  Nieholsoni  (Dhy.) 

Glossograptus  Hincksi  (Hopk.) 

Another  fold  of  the  black  shales  is  seen  in  the  Appin  Bum  less 
than  a  quarter  of  a  mile  west  of  Upper  Appin  shepnerd's  house. 
They  are  also  exposed  in  a  tributary  of  the  Appin  Bum  from  the 
south,  opposite  tipper  Appin,  where  they  have  yielded  Climaco- 
grapitis  caudatus,  Dicratiographcs  ramosus,  Diphgraptus  foliacens, 
Acroi/reta  Nicholsoni,  &c. 

Glenjaan  Burn,  Culm  ark,  Arndarroch. — Further 
to  the  south-west,  near  the  head  of  the  Glenjaan  Bum,  and  not 
far  from  the  county  boundary,  the  radiolarian  cherts  appear  with 
the  Glenkiln-Hartfell  black  shales.  The  following  fossils,  com- 
prising forms  characterLstic  of  both  groups,  were  collected  from 
this  band : 

Lasiograptxis  bimxicroivatiis  (Nich.)  Gloaaograpt'as  Hincksi  (Hopk.) 

Diplograptu^  folia4ieus  (Murch.)  DiceUograptits  Morrisi  (Hopk.) 

Oryptograptns  tricomis  (Carr.)  Leptograptus  fiaccxdua  (Hall.) 

(Ximacograptus  bicamis  (Hall.)  Siphonotreta  micala  (M*Coy.) 

,,  Schdrenbergi(LApw.)  Retiolites  sp. 

, ,  cxiiuiatu8  (Lapw. ) 

On  the  western  side  of  the  county  boundary,  the  prolongation 
of  this  band  is  found  in  the  Carlae  Bui'n,  about  a  mile  and  a  half 
to  the  east  of  Manwhill  shepherd's  house,  where  the  black  shales 
have  yielded  the  following  assemblage  of  organisms : 


Laaiograptus  biinucronatus  (Nich.) 
Diplograptus  fclicuieus  (Murch.) 
mucronatus  (Hall.) 


Dwranograptxus  Nicholsoni  (Hopk.) 

wide-angled 
variety. 


^«  »♦ 


GlinuicograpttLs  bicomis  (H&U.)  ,,  ranwmw  (Hall.) 

,,  peUifer  (Jjapw.)  Glosaograptxva  Hini'^ksi  (Hopk.) 

DiceUograptus  sextans  (Hall.)  Leptograptiis  flaccid iis  (Hall.) 

,,  patvlosus  (Lapw.)  Acrotreta  Nicholsoni  (Da v.) 

Corynoides  calycularis  (Nich.) 

The  black  shales  reappear  in  the  Carroch  Lane,  north  of  Cul- 
mark,  where  they  are  much  coiTugated,  are  associated  with  grey- 
wackes  and  shales,  and  have  yielded  Bicranograpius  Nicholsoni 
(wide-angled  variety),  D.  ramostcs,  Glimacograptus  caiL(latus,  Bicelh- 
graptus  Morrisi,  B,  Forchhcmrnieri,  &c.  Still  further  to  the  south- 
west, similar  strata  are  exposed  by  the  roadside  near  Arndarroch, 
and  in  the  river  Ken  near  Dundeugh.  Near  Arndarroch  they  are 
associated  with  grey  cherts,  and  contain  Biplograptus  foliaceus, 
Gryptograpius  triconiis^  and  Glhnacograptns  hicornis  (wide  forks). 
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Hi,    Bkxk  Shale  BaiidA  extenuliiixg  from  CorfardiiiSy  Scar  Water,  by 
Clodderoch  and  Margree  to  Go^'dwiston,  near  Dairy. 

ii,  C^o^rfardine,  Clodderoch,  Ballinie,  Margree,  and 
Gordonston  (Sheet  9  of  Survey  Map). — ^Proceecung  south- 
wards across  the  strike  of  the  strata^  we  have  now  to  describe 
an  important  band  of  flagstones,  skales,  and  mudstones,  includ- 
ing certain  seams  charged  with  a  characteristic  assemblage  of 
graptolites  which  furnish  definite  palsDontological  evidence  of 
the  age  of  the  series.  This  band,  which  is  much  broader  at 
certain  localities  than  at  others  owing  to  the  reduplication  of  the 
strata,  is  traceable  across  Sheet  9  of  the  Survey  Map  from  Cor- 
fardine  and  Laight  on  the  Scar  Water,  south-west  by  the  Clod- 
deroch Bum,  Craigdarroch,  Ballinie,  Margree,  and  Gordonston, 
north-east  of  Dairy  (river  Ken).  Althou&;h  graptolites  have 
been  found  at  various  localities  along  the  line  of  strike  of  the 
beds,  no  species  which  is  exclusively  confined  to  the  Glen  kiln 
group  has  yet  been  found  in  this  series,  nor  any  form  charac- 
teristic of  the  Birkhill  group.  The  assemblage  collected  com- 
prises g^ptolites  common  to  the  Glenkiln  and  Hartfell  groups 
and  a  few  zonal  Hartfell  forms.  There  is  always,  however,  a 
remarkable  similarity  in  the  palsBontological  types. 

The  band  is  further  interesting  from  the  fact  that  certain 
heams  in  it  have  yielded  fragments  of  trilobites,  at  Corfardine  on 
the  Scar  Water  and  in  Clodderoch.  Bum,  a  tributary  of  the 
Dalwhat  Water.  These  fiugments  are  obscure  or  indefinite,  and 
by  themselves  they  have  not  been  of  much,  service  in  fixing  the 
age  of  the  beds  containing  them.  In  the  Explanation  of  Sheet 
9  (Appendix,  p.  59)  reference  is  made  to  the  specimen  obtained 
by  Professor  Harkness  from  a  slate  quarry  at  Corfardine — a  oast 
in  black  shale  of  one-half  of  the  pygidium.  Mr.  Etheridge, 
senior,  was  inclined  to  refer  it  to  either  of  two  genera,  Cyhde  or 
Enerinurus,  probably  the  latter;  though  its  indefinite  character 
scarcely  justifies  the  giving  of  a  name  to  the  specimen.  The 
fossil  might  be  referred  to  the  Llandeilo  or  Caradoc  Rocks  but 
hardly  to  any  higher  group.  A  trilobite  found  by  Mr.  Maccono- 
chie  in  the  Clodderocn  Bum  exhibited  imperfectly  the  thorax, 
pygidium,  and  a  small  portion  of  the  carapace,  and  was  referred 
to  the  genus  Phacops.  Though  the  evidence  furnished  bv  these 
imperfectly  preserved  trilobites  is  indefinite,  the  assemblage  of 
graptolites  suggests  that  the  age  of  the  beds  is  Caradoc. 

Beginning  with  the  north-eastern  prolongation  of  the  band  in 
Sheet  9,  we  find  admirable  sections  in  the  Scar  Water 
immediately  to  the  north  of  Corfardine  Farmhouse,  northwards 
to  the  mouth  of  the  tributary  Auchenhessnane  Bum.  Though 
the  general  dip  is  to  the  north-west  at  high  angles,  the 
beds  are  evidently  repeated  by  sharp  folds.  They  consist  of 
flagstones  and  shales  with  thin  hara  ribs  of  a  golden  yellow 
colour,  from  a  quarter  to  half  an  inch  thick,  alternating  with, 
blue  shales,   and  they  are   occasionally  associated   with   grey- 
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wackes.  They  occupy  the  bed  of  the  stream  southwai'ds  to  a 
point  nearly  opposite  Corfardine  Farmhouse,  whiere  they  are 
associated  with  dark  blue  shales  having  layers  of  black  shales 
in  thin  seams  or  bands.  These  black  seams  have  afforded  the 
following  assemblage  of  fossils  characteristic  of  the  Pleuro- 
graptus  linearis  zone : 

Di4'ello€traptns  Morrisi  (Hopk.)  Leptograptxis  jlaccidus  (Hall.) 

,,  r<wiu<;«iw  (Lapw.)  Diplograptus  folicLceus  {MvltgYi..) 

Gliityxco^niptus  like  ttndentatus  GrypUxji-aptus  tricornis  (Carr.) 

(Lap w . )  Retiolites  (Neu  rograptus)  fibratus 
biconiis  (Hall.)  (Lapw.) 

,,  fncomis  (Hall),  with  Siphoiiotreta  micula  (M*Ooy.) 

very  long  radicles. 

The  Goiiardine  slate  quarr\%  from  which  l^rofessor  Harkness 
obtained  his  tiilobite  fragment,  has  been  opened  on  the  hill  slope 
about  500  yards  west  of  the  farmhouse,  in  grey  and  blue  shales, 
slightly  cleaved,  and  enclosing  worm  tracks.  A  pygidium  of 
Phacops  and  an  Orthoceras  were  found  in  the  debris  during  1895. 

South-westwards,  beyond  the  watershed  between  the  Scar  and 
Shinnel  Waters,  the  same  series  reappears  in  a  tributary  of  the 
Shinnel  that  drains  the  south  slope  of  the  Bennan  Hill.  At  a 
j)oint  about  half  a  mile  up  this  tnbutaiy  the  dark  seams  in  the 
blue  and  grey  shales  yielded  CUmacograptus  hicornis  and  Diplo- 
fjraptus  foliaceus.  Similar  beds  on  the  same  line  of  strike  yielded 
Glimacograptus  bicomis  in  a  small  burn  south-west  of  Corfardine 
on  the  Laight  Hill  above  the  Scar  Water. 

Clodderoch  Bur n. — On  the  western  side  of  the  Shinnel 
Water  a  good  section  is  to  be  seen  in  the  Clodderoch  Bum,  which 
joins  the  Shinnel  about  300  yards  above  the  village  of  Tynron. 
Near  the  head  of  the  burn,  at  a  point  about  400  yards  above  the 
hill-road  or  footpath  leading  to  Moniaive,  grey  shales  are  well 
exposed  with  black  seams  or  films  from  an  eighth  to  a  quarter  of 
an  inch  thick.  The  mode  of  occuiTence  of  tfiese  black  seams  or 
films  recalls  the  lithological  type  of  the  Lower  Hartfell  Shales 
in  Polmorlach  Bum  (Sheet  15).  They  have  furnished  the 
following  graptolites,  which  are  likewise  characteristic  of  the  P. 
linearis  zone : 


Cryptograpt'iut  tricornis  (Carr.) 
Diploffraptu^  foliacetis  (Murch.) 
Climacograptus  hicornis  (Hall. ) 

, ,  tridentatiLS  (Lapw . ) 

Retiolites  (Neurograptus)  fihrntiwi 

(Lapw.) 
,,  ,,    Blab  covered  with 

small  fomi. 


DiceUograptus  Forchhammeri  (Gein.) 

elegans  (Oaxr.) 
Morrisi  (Hopk . ) 
,,  like  anceps  (Nich.) 

Leptograptus  sp. 


( )n  the  left  bank  of  the  stream,  at  the  same  place,  green  sandy 
mudstones  or  shales  weather  in  long  pencil-shaped  fragments, 
and  contain  derivative  mica.  They  somewhat  ref^emble  the  typt* 
of  BaiTen  Mudstones  in  the  Moffat  region.  They  are  contorted 
and  thrown  into  sharp  folds.     Near  the  hill-path  leading  to 
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Moniaive,  the  gi'adual  pase^age  of  ikese  mudstones  and  shales 
into  greywackes,  grits  and  shales  is  visible  on  the  left  bank. 

Lower  in  the  bum,  at  a  point  about  100  yards  below  this 
footpath,  on  the  right  or  south  bank,  clayey  shales  or  niudstones 
are  associated  with  blue  and  black  seams  containing  graptolites. 
In  the  clayey  shales  the  specimen  of  Phacops  was  found, 
together  with  fragments  of  Orthoceras,  while  the  dark  or  black 
seams  referred  to  in  a  preceding  paragraph  furnished  Leptograptus 
Jlaccidtis,  L,  capHiariSy  and  Diplograptiis. 

Further  down  the  stream  a  ravine  affords  a  good  section  of 
strata  that  present  similar  lithological  characters,  and  have 
yielded  at  one  point  Biplograptus  foliacetis,  Leptographis  flaccidus, 
Cliinojcograptus  hicomU,  and  ConjTimdes. 

Dalwhat  Water. — Southwards  along  the  same  strike, 
these  beds  are  again  exposed  in  the  Dalwhat  Water,  near  Cait- 
loch.  Near  the  cave  on  the  banks  of  the  stream,  massive  grey- 
wackes  and  grits  appear;  at  the  north  limit  of  the  Gaitloch 
Wood  shales  are  seen.  For  some  distance  up  stream  these  shales 
are  met  with,  containing  the  hard  yellow- weathering  ribs  from  a 
quarter  to  an  inch  thick.  The  blue  and  grey  sandy  shalcvs 
include  occasional  dark  or  black  seams  yielding  graptolites.  The 
hard  ribs  are  sometimes  from  three  to  four  inches  thick  at  the 
upper  limit  of  this  section,  and  are  occasionally  associated  with 
greywackes. 

The  intercalation  of  the  dark  or  black  seams  in  the  grey  or 
blue  shales  is  well  seen  at  a  point  about  500  yards  up  stream  from 
Gaitloch.  The  following  forms  were  there  obtained  from  the 
black  seams: 

Plewrograptus  or  Amphiyraptuit.  |    Dicranograptus  sp. 

Diplograptus  foliaceus  (Murch. )  Dicellograptu$  piimilns  (Lapw. ) 

Q.imacograptus  bicomis  (Hall.) 

These  beds  can  be  followed  along  the  strike  across  the  Craig- 
darroch  Hill  to  the  Ballinie  Bum,  where  at  a  point  about  three- 
quarters  of  a  mile  west  of  Ballinie  Farmhouse  they  have  been 
found  to  contain  Diplograpius  foliuceu^,  Climacograptus  hicortiis, 
IHceUograptiis,  Corynoides,  &c.  Some  of  these  forms  were 
obtained  also  from  an  exposure  in  a  bum  on  the  hillside  a  short 
distance  south  of  Ballinie. 

To  the  south-west  the  same  group  of  flagstones  and  shales 
reappears  with  a  general  dip  to  the  north-west  in  the  Pointfoot 
Bum  which  joins  the  Castlefem  Bum  about  half  a  mile  south 
of  Minnygryie  shepherd's  house.  Thence  they  can  be  followed 
at  intervfiJs  towards  the  streamlet  draining  into  Regland  Loch. 
In  the  Whitecaim  Bum,  about  a  quarter  of  a  mile  below  its  out- 
let from  that  loch,  a  section  of  mudstones  like  the  Barren 
Mudstones  of  Moffat  includes  a  thin  seam  of  dark  or  black 
shales  which  may  possibly  be  found  to  contain  Dicellograptus 

anceps. 

In  the  bum  at  Regland  shepherd's  house,  about  three-quarters 
of  a  mile  south  of  Margree,  and  again  in  the  Margree  Bum,  re- 
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presentatives  of  this  group,  conto^tiug  of  dark  blue  and  grey 
shales  with  black  seams,  have  yielded  the  following  fossils : 

Leptoffraptus  flaccidtui  (Hall.)  Dicelloffraptus  like  aticepa  (Nicli.) 

Dicellograptm  caduceus  (Lapw.)  Diplograptus  foliaceua  (Murch.) 

i-,  ,,         or  Morrisi  Glimacograptvs  hicomh  (Hall.) 

(Hopk.)  Retiolites  ap. 

The  same  strata  can  be  followed  in  small  exposures  at  intervals 
to  Ardoch  and  Gordonston,  a  mile  and  a  half  north-east  of  Dairy. 
In  the  Ardoch  Glen,  200  yards  south  from  the  farmhouse  of 
Ardoch,  cleaved  dark-blue  shales  have  afforded  Clim<vtograpius 
bicomis,  Diplograptus  foliaceits,  DiceUograptvs  Morrisi,  Dtcello- 
grapius  caduceus  (?),  and  Leptograptus  jUvccidus,  Again,  in  the 
Gordonston  Burn,  that  unites  wiiJi  the  Ardoch  stream  to  form 
the  Torlane  Bum,  the  following  fossils  were  obtained  from  these 
beds: 

Diplograptus  fdiaceus  (Murch.)  DiceUograptus  Morrisi  (Hopk.) 

Oryptoffraptu8  tricomis  (Carr.)  Retiolites  (Nevrograptus)  fibroins 

GlimoMgraptus  hicomis  (Hall. )  (Lapw . ) 

River  Ken  North  of  St.  John's  Town  of  Dairy. 
— ^The  section  in  the  river  Ken  northwards  from  Dairy  displays 
very  massive  greywackes  and  grits.  At  the  Miltonpark  Bum, 
where  a  strip  of  alluvium  flanks  the  river  on  the  east  bank,  the 
banded  series  of  Corfardine  on  the  Scar  Water  reappears,  com- 
posed of  blue-grey  shales  with  thin  hard  ribs,  weathering  yellow- 
ish brown.  Further  up  stream  it  is  well  seen  in  knobs  in  the 
river,  dipping  N.N.W.  at  40° ;  the  cleavage  angle  being  60°. 
At  this  locality  four  thin  hard  ribs,  weathering  yellow,  were 
observed  to  be  interleaved  in  blue-grey  shales  within  a  thickness 
of  six  inches  of  strata.  Still  higher  on  the  west  bank,  and  in 
the  bed  of  the  stream  when  the  water  is  low,  these  dark  blue 
shales  with  black  seams  extend  for  a  distance  of  about  200 
yards,  dipping  persistently  to  the  N.N.W.  at  high  angles,  and 
yielding  specimens  of  Dicellograptus,  CUmacograptus,  and  Diplo- 
graptus. Fragments  of  graptolites  are  very  abundant,  but  few 
determinable  forms  are  obtainable.  The  l^eds  are  evidently 
repeated  by  sharp  isoclinal  folds. 

Beyond  some  blanks  in  the  section,  massive  greywackes  and 
grits  appear  to  the  west  of  Milton.  Dark  blue  shales,  grey- 
wackes, and  black  grits,  at  a  point  on  the  east  bank  about  150 
yards  south  of  the  mouth  of  Barskeoch  Bum,  yield  specimens  of 
DiceUograptus  and  CUmacograptus  These  strata  occupy  the 
river  section  northwards  to  the  mouth  of  the  Barskeoch  Bum, 
which  joins  the  Ken  from  the  west  about  a  quarter  of  a  mile 
north  of  3arskeoch  Mains.  This  stream,  at  various  points  in  its 
course,  displays  a  section  of  black  shale*,  so  crushed  and 
shattered,  that  few  determinable  graptolites  can  be  got  from 
them.  About  250  yards  west  from  the  road  leading  to  Dairy 
they    have    yielded    Diplograptus   foliaceus    tand    CUmacograptus 
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Schdrenbergi ;  a  few  yards  west  from  the  same  road  Climacograptns 
was  found. 

The  section  in  the  Ken,  where  this  bum  joins  it,  does  not  very 
iisatisfactorily  show  the  relations  of  the  cherts  and  black  shales, 
which  there  crop  out  to  the  coarse  sediments.  The  cherts,  as 
seen  on  the  west  bank  at  the  north  edge  of  the  alluvial  patch,  are 
grey  in  colour  and  contain  abundant  radiolaria.  But  they  are 
here  succeeded  by  grevwackes  and  grits,  and  it  is  evident  that 
the  black  shales  are  faulted  out.  The  east  bank  of  the  Ken, 
however,  affords  two  exposures  of  the  black  shales  associated 
with  greywackes,  &c.,  but  too  shattery  to  yield  graptolites  for 
determination.  The  occurrence  of  the  cherts  and  black  shales 
at  this  point  in  the  Ken  section  indicates  that  the  adjoining 
sediments  must  be  younger  than  Upper  Llandeilo  time,  and 
younger  than  part  of  the  Lower  Hartfell  black  shale  series. 

North  from  the  mouth  of  the  Barskeoch  Bum,  the  Ken  flows 
over  a  succession  of  grits,  greywackes,  and  shales  similar  to 
those  above  described.  Below  the  junction  of  the  Pulharrow 
Bum,  the  river  has  cut  a  deep  gorge  through  these  strata ; 
indeed,  at  this  part  of  the  section  the  grits  are  very  massive,  and 
in  some  features  differ  but  slightly  from  the  grite  of  Tarannon 
age.  Here  and  there  throughout  the  grits,  lenticular  seams, 
patches,  and  bands  of  grey  and  blue  shales  appear,  which  give 
them  an  irregular  character.  The  regular  system  of  jointing, 
which,  in  unaltered  areas,  is  such  a  conspicuous  featui*e  of  the 
Queensberry  or  Llandovery  grits,  is  not  here  present.  At  one 
point  in  the  gorge  the  grits  become  pebblv  like  the  "Haggis 
Kock,"  and  contain  well-rounded  pieces  oi  quartz,  with  frag- 
ments of  felspar,  black  shale,  and  igneous  rocks,  &c.  At  the 
south  end  of  the  alluvial  land  at  the  mouth  of  the  Pulharrow 
Bum,  flaggy  shales  appear  with  a  north-west  dip,  which  may  be 
on  the  horizon  of  the  flaggy  shales  of  Barlae. 

iv.  Black  Shale  Bands  between  Whing  Burn,  Etichan  Water,  and. 
Beninner  Hill,  near  Caimsmore  of  Carsphairn, 

Whing  Burn  (Euchan  Water,  a  mile  and  a  half  south- 
west of  Sanquhar;  Sheet  15  of  Survey  Map). — Along  a  line  of 
axial  folds  which  stretches  from  the  Whing  Bum,  near 
Sanquhar,  south-westwards  by  the  Scar  Water  to  the  Lorg  (river 
Ken)  and  Beninner  Hill,  near  Caimsmore  of  Carspnaim 
(Sheet  9),  excellent  sections  expose  the  relations  of  the  Arenig 
volcanic  rocks  to  the  radiolarian  cherts  and  Glenkiln  black 
shales.  In  some  of  the  arches  the  tjrpe  of  diabase  or  andesite- 
lava,  so  common  at  Ballantrae  and  throughout  the  Southern 
Uplands,  is  well  represented,  and  the  radiolarian  cherts,  which 
immediately  overlie  it,  together  with  the  Glenkiln  black  shales. 

In  a  small  bum  which  joins  the  Whing  Bum  from  the  east, 
near  the  Ulzieside  Plantation,  the  pillowy  lava  is  faulted  against 
greywackes  on  the  north  side,  while  on  tne  south  side,  red  mud- 


S53 


The  SiJudm  Jii^U  of  Scotland. 


sionefl  and  cherts  appear,  whicli  aip  followpd  hy  aa  outcrop  of 
black  ahales. 

In  tie  Tongue  Burn,  another  tributary  of  the  Whing  Burn 
west  of  Caini  Hill,  ahout  300  yanls  above  its  mouth,  the 
following  fossils  were  found  in  black  slialos  associated  there  with 
ffrey  shalea: 


Dicranoyraptiis  i'uuu«iuji(Hall.) 
Climacoymptiii  bicomii  (Hall.) 
DictUugraplvt  Forchhammeri  (Gein 


Lfpttigraptu*  fioccidiii  (Hall.) 

Acrotreta  Nkholsoni  (Dav.) 
HyaUuitetia  faaciiyului  (M'Cny.) 


:^ 


-.  i 


Fio.  83.— PUn  of  StnifA  in  Whing  Bum,  nonr  Shieling  Knowe,  S.W,  ot 

Sanquhar. 

1.  Vted  mudstone  (Arenig).      C.    Badiolarian  chert.      &!■  Glenkiln  Shales. 

311.  Lower  HartfeU  Shalea.     3.  Greywacke  and  shale  (Car.'wloc).     f.  Fault*. 
T.  Thnmt-taultH. 
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From  tkis  assemblage  of  organisms,  as  well  as  from  the  mode 
of  occurrence  of  some  of  the  forms,  this  band  may  be  regarded  as 
representing  the  basal  portion  of  the  Lower  Hartf ell  black  shales. 
The  shells  occur  in  profusion  in  a  single  layer,  and  likewise  the 
arms  of  Dicellograptus, 

In  the  Whing,  northwards  from  the  foot  of  the  Tongue  Bum, 
there  are  frequent  exposures  of  black  shales,  and  radiolarian 
cherts  with  grewackes  and  shales.  The  strata  are  traversed 
bv  numerous  reversed  faults  which  disturb  the  relations  of  the 
rocks  (Figs.  83  and  84) .  About  eighty  yards  below  the  junction 
with  the  Tongue  Bum,  folded  and  contorted  black  shales  occur, 
with  a  few  feet  of  chert  in  the  heart  of  the  black  shales.  The 
black  shales  yield  the  following  fossils : 


Dicellograptus  sextans  (Hall.) 

,,  patulosus  (Lapw.) 


Did/ymograptus  superates  (Lapw.) 
Oryptagrapttis  tricomis  (Carr.) 
(Aimacograptus  hicomis  (Hall.) 

Further  down  stream,  at  a  bend  about  a  quarter  of  a  mile 
north  from  the  foot  of  Tongue  Bum  and  70  yards  north  from 
southern  limit  of  ground-plan  (Fig.  83),  the  black  shales  have 


Fio.  84. — Section  in  Whing  Bum  along  the  line  shown  in  Fig.  83. 

supplied  a  fine  suite  of  Glenkiln  graptolites.  In  this  part  of  the 
section  admirable  examples  of  the  repetition  of  the  beds  by 
reversed  faults  are  to  be  found.  Here,  on  the  right  bank  of  the 
stream,  the  cherts  occur  in  the  heart  of  the  black  shales.  The 
latter  have  yielded  the  following  Glenkiln  fossils : 


Didymograptus  auperstes  (Lapw.) 
CcenograpttLs  pertenuis  (Lapw.) 
Oryptograpftus  tricomis  (Carr.) 
Dicranograptus  ramosus  (Hall.) 
Dicellograptus  sextans  (Hall.) 


Dicellograptus  patulosfus  (Lapw.) 
Climacograptus  Schdrenbergi  (Lapw.) 

, ,  hicomis  (Hall. ) 

Diplograptus  euglyphas  (Lapw.) 
Lasiograptus  himucroTiatus  (Nich.) 


A  few  yards  further  down,  on  the  right  bank  of  the  stream, 
well-banded  black  shales  occur  with  cherts,  and  are  overlain  by 
greywackes  (3  in  Fig.  83).  This  exposure  affords  well  preserved 
graptolites  belonging  to  the  Glenkiln  horizon,  in  particular,  fine 
specimens  of  Didymograptus  superstes.  The  following  list  was 
obtained  from  this  locality : 


Didymograptus  superstes  (Lapw.) 
Coenograptus  gracilis  (Hall.) 

„  pertenuis  ^Lapw.) 

DieeUograptus  sextans  (Hall.) 

,,  moffatensis  (Carr.) 

,,  patulosus  (Lapw.) 


dimacograptus  hicomis  (Hall^ 

,,  Schdrenhergi  fLapw.) 

Lasiograptus  himucronatus  (N'ich.) 
Diplograptus  euglyphus  (Lapw.) 
Oryptograptus  tricomis  (Carr.) 
Diplograptus  foliaceus  (Murch.) 

y 
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Though  in  the  Whing  Bum  the  strata  ai'e  much  disturbed, 
and  fossils  are  not  easily  obtained,  the  black  shales  associated 
with  the  cherts  yield  cliaracteristic  Glenkiln  forms  where  the 
fossils  can  be  deteimined.  Above  the  point  of  junction  with  the 
Tongue  Bum,  black  shales  occur  on  several  folds  with  rusty  grey- 
wackes  and  shales.  On  the  top  of  a  waterfall  formed  of  shales 
and  greywackes,  a  band  of  black  shales  may  be  noticed,  with 
alternations  of  grey  and  black  seams,  three  to  four  feet  broad. 
This  band  contains  Corynoides  calyndaris  in  profusion,  Climcuco^ 
graptus  Ucornis,  Gryptograptus  tricomis,  and  THplograptus  foliaceus. 

Cram  ley  Burn  (Tributary  of  the  Glenmaddie  Bum 
immediately  to  the  west  of  the  Whing  Bum). — About  a  quarter 
of  a  mile  above  the  junction  of  this  stream  with  Glenmaddie 
Bum,  the  Arenig  lava  is  exposed  on  a  green  grassy  knoll  on  the 
left  bank  of  the  stream,  and  on  the  south  side  oi  the  lava  the 
cherts  are  seen.  A  few  yards  further  down  stream  the  grey  and 
dark  cherts  appear  with  black  shales  in  separate  folds.  In  the 
second  outcrop  of  black  shales  in  this  burn,  the  following  fossils 
have  been  obtained : 


Didyinograptus  ^uperstes  (Lapw.) 
Dicranograptus  foitnosus  (Hopk.) 
DiceMograptus  sextans  (Hall.) 


Dicellograptus  patvloaus  (Lapw.) 
Cliinacograptus  Scharenhergi  (Lapw.) 
Dicranograptus  ramosus  (Hall.) 


On  the  moor  between  the  Cramley  and  Glenmaddie  Burns, 
a  small  exposure  of  the  lava  may  be  noticed,  and  in  the  Glen- 
maddie Bum,  at  various  places,  the  black  shales  and  cherts  are 
seen. 

To  the  south-west  of  Glenmaddie  Burn,  on  the  moor  between 
that  stream  and  the  Glen  Bum,  two  prominent  grassy  knolls, 
which  rise  above  the  general  level  of  the  ground,  consist  of  the 
typical  diabase-lava,  slightly  decomposed  and  showing  pillowy 
structure.  The  more  easterly  mass,  named  "  The  Earl's  Seat, ' 
is  about  70  yards  long.  A  few  yards  to  the  east  of  it  the 
radiolarian  cherts  are  visible,  as  the  only  exposure  of  sediments 
round  this  igneous  projection.  The  western  mass,  over  200 
yards  in  length,  slopes  gently  off  into  the  surrounding  ground. 
At  one  place  on  the  north-west  side  of  this  arch,  the  radiolarian 
cherts  dip  at  a  gentle  angle  to  the  north-west,  and  a  few  yards 
further  north  the  black  shales  are  visible.  On  the  south  side 
of  the  fold  the  red  mudstone^  are  seen,  with  the  black  shales 
close  at  hand  to  the  south. 

Along  the  line  of  strike  of  the^e  arches,  no  section  of  the  solid 
rocks  has  been  cut  by  the  Glen  Bum,  the  watercourse  lying 
in  boulder  clay;  but  on  the  hill  to  the  south-west  of  that 
stream,  the  volcanic  rocks,  cherts,  and  black  shales  reappear. 
On  the  hill  slope  facing  the  Glen  Bum,  and  about  200  yards 
from  the  stream,  the  radiolarian  cherts  and  black  shales 
are  repeated  several  times  over  a  distance  of  300  yards  across  the 
strike.  Above  the  level  of  the  1250-feet  contour  line,  and  within 
200  yards  of  the  cairn  on  the  hill-top,  measured  in  a  north-west 
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directioii,  tlie  diabase-lava  is  exposed.  The  cherts  are  seen  at 
the  north-west  comer  of  the  mass,  and  highly  puckered  black 
shales  and  cheiis  ()ccur  in  the  iieighbouihond  of  the  caiiii. 


Fw.  86.— Plan  of  the  Stmtft  nenr  the  Head  of  Glenlarie  Bum,  4J  miles  S.W. 

from  Sanquhar. 
IB.  Diabase-laTas.     ITs.  Tuff.     1.  Red  mudstoneH.     C.  Kadiolarian  chert. 

21-  Glenkiln  Shalea.      3t1.  Lower  Hartfetl  Shalen.      3.   Greywacke  and 

shale  (Caradoc).     F.  FeUite  dyke. 

The  Glenlarie  Bnm,  another  tributary  of  the  Euchan  Water, 
a  little  further  to  the  west,  supplies  sections  at  its  sources  where 
the  relations  of  the  volcanic  rocks  to  the  overlying  sediments 
are  displayed.  Immediately  to  the  west  of  the  Mid  Hig,  this 
bum  divides  into  two  branches,  both  of  which  give  sections  of 
the  Arenig  Bocks,  The  west  branch,  about  300  yards  above  the 
fork,  displays  pillowy  lava  and  tuff,  resembling  ttie  Ballantrae 
volcanic  series.  The  accompanying  diagrams  (Pigs.  85,  86)  show 
the  arrangement  of  the  strata  there.  Grey  and  dark  radiolarian 
cherts  are  pierced  by  a  felstone  dyke,  which  shows  fluxion  struc- 
ture along  its  edges.  Bed  mudatones  succeed  on  the  north, 
followed  bv  a  bed  of  tuff  resting  on  a  mass  of  diabase-lava, 
showing  pillow- structure,  about  eightr-five  vards  in  breadth 
(1  B,  Figs.  85,  80).     To  the  north  this  lava  is  followed  by  three 
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feet  of  red  mudstones,  six  to  eight  feet  of  lava,  and  three 
feet  of  tuff.  Beyond  this  point  no  rocks  are  exposed  till  near 
the  fork.  The  main  mass  of  the  volcanic  rocks  in  this  fold,  as 
elsewhere,  is  shown  to  underlie  the  radiolarian  cherts ;  and  at 
one  point  tuff  is  as^sociated  with  the  cheHs. 

This  section  is  probably  bounded  by  a  fault  along  the  north- 
west side,  for  near  its  northern  limit  greywackes  appear  at  the 
liase  of  the  steep  grassy  slope  on  the  north  side  of  the  stream 
(-3,  Fig.  86).  Eastwards,  where  the  burn  flows  through  alluvium 
and  peat,  the  lava  appears  on  a  gitLssy  knoll,  on  which  a  sheep- 
stell  is  built,  above  the  fork.  This  rock  can  be  followed  east- 
wards across  the  east  branch  of  the  Glenlarie  Bum  to  the  moor 
beyond.  Two  small  expa«?ures  of  lava  lie  to  the  south  of  this 
main  fold,  one  in  the  east  branch  of  the  bum  and  another  on  the 
moor  to  the  east.  Two  felstone  dykes  are  seen  in  the  east  branch 
a  few  yards  to  the  south  of  the  second  exposure  of  lava.  Black 
shales  and  black  flints  a]>pear  further  up  the  some  rivulet. 


N 


JB  ITsr 

Fig.  86. — Section  near  tlie  head  of  Glenlarie  Bum  along  the  line  marked 

in  Fig.  86. 

Along  the  strike  of  the  main  fold  of  Arenig  lava  in  Glenlarie 
Bum,  lie  radiolarian  cherts  can  be  followed  westwards  for  nearly 
a  mile  to  the  crest  of  the  watershed  between  the  Euchan  and 
Scar  Waters.  At  a  few  places,  the  black  shales  can  be  found 
both  on  the  north  and  soutn  sides  of  this  fold. 

On  the  watershed  between  the  Glenlarie  Bum  and  a  tributary 
of  the  Scar  Water  east  of  Polgown,  another  fold  of  the  radio- 
larian cherts  with  the  black  shales  is  traceable  at  intervals  for 
a  distance  of  600  yards. 

Upper  Basin  of  the  Scar  Water. — Crossing  the 
watershed  between  the  Scar  and  Euchan  Waters,  we  will  now 
follow  the  development  of  the  Arenig  rocks  and  overlying  sedi- 
ments in  the  upper  part  of  the  basin  of  the  Scar  Water. 

At  the  head  waters  of  the  Polgown  Bum  interesting  sections 
appear  of  the  Arenig  Rocks ;  one  in  particular  is  deserving  of 
special  mention,  because  intrusive  doleiite  is  associated  with  the 
normal  pillowy  lava.  It  occurs  about  half  a  mile  to  the  north- 
west of  Polgown  shepherd's  house,  in  a  streamlet  draining  a  hill 
called  the  Kough  Naze.     In  this  rivulet,  blue  shales  crop  out 


Tlie  Xori/terit  Belt — Areniy,  Llandeilu,  Canuloc  Bocks.       357 

(3,  Fig.  87,  southlimitofdia{!;ram)  about  300  yards  above  ite  point 
of  junctiou  with  the  Polgown  Bum,  These  are  faulted  against 
massive  reddened  cherts  which  occupy  about  ten  paces  rf  the 
section,  and  are  followed  by  highly  puckered  black  shales  (2') 
piereed  by  a  felsitc  Ayke  (F).  To  the  north  of  these  shales 
radinlarian  cherts  (C)  ajipejir,  followed  in  descending  order  by  a 
mass  of  pillowy  lava  (IB),  about  twelve  ])aces  broad,   which 


Scale    or   Fect. 
Fio.  87.— Plan  of  Strot*  in  Streamlet  near  Polgowji,  Scar  Wi.i«r. 
IB.  Arenig  UvftH.     IBT.  Intrusive  dolerite  (Arenig),     C.  Rodiolaiian  chert. 
21.  Glenkiln  Shales.      S"-   Lower  HartfeU  Shales.      3.   Greywake  niid 
shale  (Caradoc).     F.  FelBite  d;ke.     f.  Fault. 

occupies  the  stream  cnui'se  at  the  prominent  bend,  and  for  some 
distance  Wlow  it,  and  contains  an  iulier  of  red  mudstones  (C). 
Just  above  the  bend,  the  pillowy  lava  is  succeeded  by  coarse 
dolerite  (BT),  \*'hich  is  there  faulted  against  the  radiolarian 
cherts.  On  the  grassy  slope  iu  the  angle  formed  by  the  bend  of 
the  burn  there  is  a  bos^  of  dolerite,  probably  the  continuation  of 
the  mass  in  the  bum  a  few  yards  to  the  north-east. 

The  radiolarian  cherts  (C)  can  be  followed  for  a  di'itence  of 
leii  paces  north  of  the  dolerite,  when  they  are  succeeded  fay  grey- 
wacses  and  shales  (3)   for  a  space  of  29   paces.       The  cherts 
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reappear  to  the  north  with  an  infold  of  black  shales  (2^),  from 
which  the  following  fossils  were  obtained  :  DidymograptuLS  superstes, 
DiceUograptus  sextans,  D.  Forchham/meriy  Clinia/x>graptus  hicomis, 
and  CryptograptiLS  iricornis, 

Roug^iNazi* 

N.  S. 


Fig.  88. — Section  along  the  streamlet  shown  in  Fig.  87- 

About  200  yards  to  the  east,  t^o  exposures  of  volcanic  rocks 
may  be  seen  on  the  grassy  slope,  evidently  on  separate  folds, 
not  far  from  each  other,  and  parallel.  The  northern  one  shows 
diabase-lava,  with  an  infold  of  chert  and  bounded  by  chert.  The 
southern  exposure  contains  both  intrusive  dolerite  and  the 
diabase-lava,  with  Arenig  cherts  and  black  shales,  and  is  pro- 
longed to  the  north-east.  By  means  of  chert  debris  it  can  be 
followed  for  a  distance  of  hall  a  mile  in  that  direction. 

Along  the  same  strike  the  radiolaiian  cherts  and  black  shales 
ai'e  exposed  in  another  tributary  of  the  Polgown  Bum,  asso- 
ciated with  intrusive  dykes.  They  reappear  on  the  south-east 
slope  of  the  Rough  Shoulder,  in  the  Dalgonner  Burn,  on  the 
moor  south  of  Corse  Hill,  and  in  the  Polskeoch  Bum  at  the  very 
head  of  the  Scar  Water. 

Water  of  Ken  (Tributaries  in  Sheet  15  of  the  Survey 
Map). — Proceeding  westwards  along  the  general  line  of  strike 
of  the  axial  folds  described  in  the  foregoing  pages^  to  the  Polvad- 
doch  Bum — a  tributary  of  the  Ken  to  the  west  of  Polskeoch — 
we  find  a  oonsideiuble  development  of  black  shales  repeated  by 
sharp  folds,  the  radiolarian  cherts  bein^  also  exposed.  About 
200  yai'ds  south  from  the  junction  of  tne  Pot  Bum  with  the 
Polvaddoch  Bum  the  black  shales  have  yielded  Didymoyraptus 
superstes,  Ccsnograptus  pertenuis,  and  Dicellograptus  moffatensis. 
At  an  exposure  of  black  shales  to  the  north-east  of  this  locality, 
and  about  the  1600-feet  level,  the  following  forms  were  coUectedf: 
Ccenograptus  gracilis,  Dicranograptus  zic~zac,  Diplograptus  tricomis, 
and  iHceUograptus  sextans. 

Westwards  beyond  the  Lorg  Hill,  which  separates  the  Pol- 
vaddoch and  Lorg  Bums,  a  section  of  great  interest  is  displayed 
on  the  Rough  Craig,  overlookinff  the  Lorg  shepherd's  house  on 
the  noi-th-east  side  of  the  valley  (see  ground  plan.  Fig.  89).  The 
hill-top  is  covered  with  peat  and  turf,  and  the  Rough  Craig 


'i^he  NoHhern.  Belt — Are'nitj,  LUmdeiio,  Cwradoc  R-ocks.       359 

aitpears  as  the  observer  begins  to  desceud  the  steep  slope  towards 
the  Loi^  Bum,  about  the  1600-feet  level.  This  sectiou  shows 
the  sequence  from  the  Arenig  lava!^  and  overlyiug  cherts  to  the 
Gleukiln  baud  of  black  shales.     No  crarse  sediments  are  hei« 


■L^ 


Fio.  89.— Ground  Plan  of  Strata  in  Loi^  Bum  and  Rough  Cr«ig,  Wiitei' 
of  Ken,  Kirkcudbrightith ire- 
IB.   Arenig  lavas.      C.   Radiolarian  chert.      21- Glcnkiln  Hhalos,      31'-  I>ower 
Harttell  Shalen.      3.   Greywacke  and  nhale  (Caradoc).      F.  Felfiitc  dyke, 
f.  Fault.      Dotted  linen,  contour  lines.      Interrupted  lines,  uii|hii'  limit 
of  glacial  deposits. 

associated  with  tlie  volcauie  rocks,  chei-ts,  or  blaijk  shales,  till 
we  reach  the  greywackes  aud  shales  overlying  the  Glenkilu- 
Hartfell  band  of  black  shales. 

At  the  uorthem  limit  of  the  section,  where  the  black  shales 
occnr  as  rapid  Iblits  in  tlie  midst  of  greywac-kes  and  shales,  the 
following  fossils  were  obtained:  G<Biio<jra,i'tas  gracilii,  Lasio- 
graptus  l/imueronatue,  Cri/ptograptus  tricomis,  CUmacograplus,  and 
Corynoides  cah/cularis.  Passing  soiith-eastwai-ds  along  the  fece 
of  tlic  cnig,  where  a  felsite  dyke  traverses  the  black  shales  aud 
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greywackes,  the  observer  finds  about  the  IGOO-feet  level  highly 
])uckered  black  shales,  tenninating  in  sharp  V-shaped  folds  in 
the  upper  portion  of  the  crag,  and  there  plunging  underneath 
the  overlying  greywackes  and  shales.     Still  further  south,  the 
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Fio.  90. — Section  along  the  Rough  Craig,  as  in  Fig.  89. 

S.L.  Stream  level. 

grey  cherts  appear  in  a  sharp  fold  of  the  black  shales  nosing  out 
noiihwards,  and  along  the  strike  of  this  same  fold  the  black 
shales  are  seen,  followed  by  the  overlying  grej^wackes  and  shales 
higher  up  the  crag.  Crossing  this  sharp  fold,  we  can  trace 
cherts  round  the  syncline  of  black  shales,  and  they  are  succeeded 
by  a  fine  exposure  of  the  fine-grained  diabase-lava  occupying  the 
core  of  an  arch,  the  breadth  of  the  exposure  of  lava  being  about 
30  yards.  Here  the  rocky  craig  terminates,  and  the  rock- 
exposures  peer  through  a  covering  of  grass.  Still  there  is 
evidence  of  the  occun*ence  of  the  lava  on  a  second  fold  parallel 
with  the  foregoing,  surrounded  by  the  radiolarian  cherts  and 
black  shales. 

This  section  enables  the  observer  to  study  the  sharp  folding 
and  rapid  reduplication  of  the  strata.  On  uie  face  of  the  crag, 
he  may  see  along  one  and  the  same  fold  radiolarian  chert, 
followed  by  black  shales  and  greywackes  and  shales  in  the  higher 
part  of  the  crag.  Hence,  while  along  the  face  of  the  crag  the 
rocks  consist  mainly  of  lava,  cherts,  or  black  shales,  on  the  hill- 
top they  are  composed  mainly  or  wholly  of  greywackes  and 
shales. 

Lorg  Burn. — From  the  alluvial  flats  near  the  shepheixi's 
house  up  to  the  fork,  about  half  a  mile  above,  this  stream 
reveals  a  constant  repetition  of  gi^ywackes,  black  shales,  and 
cherts,  which,  as  a  rule,  are  much  shattered  and  cleaved 
(Fig.  91).  Fossils  are  difiicult  to  find  in  the  black  shales.  The 
cherts  sometimes  show  fine  flaser-structure,  and  the  beds  are 
traversed  by  various  dykes.  Two  or  three  very  small  exposures 
of  the  lava  appear  among  the  folds  of  chert,  so  much  crushed 
and  deformed  as  to  be  almost  unrecognisable. 

On  the  west  side  of  the  valley,  facing  the  Lorg  shepherd's 
house,  a  gloomy  ci*ag  nearly  a  quarter  of  a  mile  in  length, 
displays  a  fine  section  of  Arenig  cnerts,  black  shales,  and  other 
sediments  pierced  by  a  gi*eat  network  of  dykes.     Here  again 
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the  black  shales  are  so  cleaved  and  indurated,  that  it  is  difficult 
to  prove  the  horizon  of  the  bands  by  means  of  gi*aptolites.  It  is 
instructive,  however,  to  note  the  manner  in  which  the  radiolarian 
cherts  appear  in  small  lenticles,  plunging  rapidly  under  the 
black  shales.  The  greywackes  and  shales  frequently  come  next 
to  the  cherts  on  one  limb  of  the  fold  without  the  intervention 
of  the  black  shales — ^a  stmcture  probably  due  to  normal  or 
reversed  faults.  ThLs  feature  is  specially  noticeable  on  that  pai't 
of  the  crag  to  the  south  of  the  main  bum,  on  the  declivity 
immediately  to  the  south  of  the  network  of  dykes. 
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Fio.  91. — Section  in  Lonj  Burn,  above  Lorg  Shepherd's  House,  Water  of 

Iven,  Kirkcudbrightshire. 

(Explanation  as  in  Fig.  80.) 

At  the  head  of  the  main  bum  (south  of  Rough  Cleuch)  black 
shales  have  34elded  the  following  fossils,  which  indicate  that  the 
zone  may  represent  perhaps  the  passage  beds  between  the  Glen- 
kiln  and  Hartfell  groups : 


IHcranograptus  ramoaua  (Hall.) 

„  Nicholsoni  (Hopk.) 

On/ptograptiis  tricomis  (Carr.) 


Climacograptus  hicomis  (Hall.) 
DiceUograptus  sextans  (Hall.) 
Diplograptus  foliaceiu  (Murch.) 


To  the  north  of  the  dykes,  a  constant  repetition  of  radiolaiian 
cherts  and  black  shales  extends  as  far  as  the  Rough  Cleuch,  at 
the  head  of  which  a  deep  ravine  has  been  carved  out  of  the  black 
shales  and  cherts.  North  of  the  Rough  Cleuch,  the  presence  of 
the  cherts  is  indicated  by  debris  of  that  material,  seen  at 
intervals.  The  black  sKales  also  appear  on  the  slope  facing  the 
Alwhat  Bum,  one  of  the  tributaries  of  the  Lorg  Burn. 

The  top  of  the  Ewe  Hill  is  more  or  less  covered  with  thin  peat 
and  turf,  and  hence  it  is  not  possible  to  trace  continuously  the 
folds  of  chert  and  black  shales  so  well  displayed  on  the  crags  in 
the  Lorg  valley.  The  western  slope  of  that  hill,  overlooking  the 
Spout  Burn,  has  a  grassy  covering,  but  occasional  exposures  of 
the  radiolarian  cheiis  and  black  shales  may  be  noticed  above 
the  limit  of  the  glacial  deposits.  For  a  distance  of  nearly  a 
third  of  a  mile  along  the  slope,  the  cherts  and  black  shales  are 
brought  to  the  surface  again  and  again.  Many,  if  not  most,  of 
the  folds  appear  to  be  nosing  out  as  we  descend  the  slope,  and 
hence  the  overlying  sediments  are  exposed  in  the  same  line  of 
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stiike  in  tke  bed  of  the  stream  in  the  centre  of  the  valley.  On 
the  other  hand,  towards  the  top  of  Ewe  Hill,  the  cherts  appeal', 
and  seem  to  cover  a  considerable  breadth  of  ground.  It  is  highly 
probable,  therefore,  that  the  arches  of  Arenig  cherts  and  black 
shales  may  extend  across  the  Ewe  Hill  to  the  crag  on  the  west 
side  of  the  Lorg  valley. 

In  the  Spout  Bum,  about  half  a  mile  above  its  junction  with 
the  Holm  Bum,  and  again  about  half  a  mile  above  that  junction, 
the  cherts  and  black  shales  are  visible.  About  two  miles  to  the 
south-west,  the  Arenig  cherts  and  overlying  black  shales  reap- 
pear on  Beninner  and  Moorbrock  Hills. 

Beninner  Gairy,  Cairnsmore  of  Carsphairn. — ^The 
ridge  of  Beninner  (2328  feet),  forming  the  south-east  spur  of 
Oaimsmore  of  Cai*sphaim,  has  a  rocky  escarpment  along  its 
eastern  face,  composed  of  Silurian  rocks,  which  have  undei^one 
more  or  less  alteration  in  contact  with  the  granite  mass ;  portions 
of  this  gairy  are  precipitous,  but  the  exposures  of  the  MofEat 
series  are  readily  accessible. 

About  yOO  yards  to  the  south  of  the  cairn  on  the  top  of 
Beninner,  four  folds  of  the  radiolarian  cherts,  associated  with 
black  shades,  can  be  followed  down  part  of  the  rocky  escarpment. 
A  few  yards  further  north  in  the  gairy,  another  small  fold  of  the 
cherts  is  bounded  by  the  black  shales,  and  followed  immediately 
by  brown- weathering  greywackes  and  shales,  with  abundant 
minute  biotite  of  secondary  origin.  The  cherts  ai*e  slightly 
gi-anulitised,  and  the  black  shales  ai*e  changed  into  graphitic 
schist,  with  traces  of  graptolites. 

Advancing  northwards  along  the  crag,  the  observer  crosses 
hne-grained  greywackes  and  shales  with  mica  of  contact  origin, 
till  at  the  bend  due  east  of  the  cairn  on  the  top  of  the  mountain 
he  comes  upon  an  arch  which  brings  in  the  Arenig  volcanic  rocks. 
On  referring  to  the  one- inch  map  (Sheet  9),  it  will  be  seen  that 
the  granite  boiindary,  which  ci*osses  the  Poldores  Bum  in  an  east 
and  west  direction,  skirts  the  base  of  the  Beninner  Gairy,  and 
thence  curves  towards  the  north-west  along  the  base  of  the 
escarpment  formed  by  the  altered  Silurian  rocks.  At  the  bend 
due  east  of  the  cairn  on  Beninner  top,  a  fine  development  of  the 
grey  cherts  in  contact  with  the  granite  can  be  followed  up  the 
cliff  for  some  distance.  The  alteration  displayed  by  the  cherts 
at  this  locality  is  not  nearly  so  pronounced  as  at  the  gi-anite 
margin  south  of  Loch  Doon,  but  they  are  granulitised. 

The  heart  of  this  fold  of  cherts  encloses  a  small  exposui'e  of 
volcanic  rocks,  pai*tly  bedded  and  partly  intrusive,  which 
measures  about  five  yards  broad  by  about  fifteen  yards  long. 
The  lava  is  vesicular,  with  garnets  developed  in  the  vesicles  by 
contact  alteration.  It  is  granulitised,  and  contains  abundant 
brown  mica  of  secondary  origin.  In  the  centre  of  the  altered 
lava  there  is  a  small  mass  of  coarse-grained  altered  dolerite  or 
gabbro.  The  cherts  are  succeeded  by  altered  black  shales  on  the 
south  side  of  the  fold,  and  these  in  turn  towards  the  south-west 
by  altered  greywackes  and  shales. 


oil 
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Moor  brock  Gairy. — The  development  of  Arenig  cherts 
Moorbrock  Graiiy,  one  mile  N.N.W.  of  Moorbrock  shepherd's 
house,  and  on  the  crest  of  the  ridge  to  the  west,  reaches  a  much 
grander  scale  than  on  Beninner  Grairy.  They  ai-e  not  much 
altered;  indeed,  i*adiolaria  can  be  detected  in  many  of  the 
exposures  though  the  rocks  are  slightly  granulitised.  Both  the 
dark  and  grey  varieties  occur.  The  volcanic  rocks  have  upt  been 
here  detected  in  the  cores  of  any  of  the  folds  of  Arenig  cherts.  ' 

A  broad  development  of  cherts  on  the  gairy  due  east  of  the 
cairn  on  Moorbrock  Hill,  contains  in  its  centre  a  trough  of  black 
shales,  yielding  characteristic  Glenkiln  forms.  This  synclinal 
fold  occurs  at  the  base  of  the  crag  and  above  the  1600-feet 
contour  line.  Inclusive  of  this  fold  of  black  shales  in  the  centre 
of  the  mass,  the  distance  from  the  southern  boundary  of  this  out- 
crop of  chert  to  its  northern  limit  is  about  150  yards.  The  cherts 
are  highly  corrugated.  Along  the  southern  margin  of  the  cherts, 
the  black  shales  are  visible  not  far  to  the  north  of  an  oval  mass 
of  intrusive  granite  in  the  gaiiy.  The  intrusive  rock,  being  of 
lei^  durable  material,  has  been  decomposed,  and  is  surrounded 
by  indurated  Silurian  rocks.  On  the  crag  above  the  small 
granite  mass,  the  cherts  may  be  seen  to  form  tongue-shaped  pro- 
jections in  the  overlying  black  shales  and  dark  gritty  grey- 
wackes,  due  to  the  rapid  folding  of  the  strata.  The  black  shales 
are  sometimes  thrown  out  by  faulting,  and  the  gi-eywackes  come 
in  contact  with  the  cherts.  But  at  the  top  of  the  crag  the  black 
shales  occur  next  to  the  chert  on  the  south  side  of  the  fold. 
These  black  shales  yield  graptolites.  The  best  locality  for 
fossils,  however,  is  the  tix>ugh  of  black  shales  in  the  heaii;  of 
the  cherts  at  the  base  of  the  crag,  east  of  the  cairn,  where  the 
following  species  were  obtained: 


Canograptus  gracilis  (Hall.) 

,,  pertenuis  (Lapw.) 

Dicnmograptus  zic-zac  (Lapw.) 

,,  ramosus  (Hall.) 

Dicellograptus  sextans  (Hall.) 

n  ynoffatensis  (Carr.) 


Dtcellograptus  patiUosus  (Lapw.) 
Leptograptus  flaccidvs  (Hall.) 
Lasiograptus  bimucronatus  (Nich.) 
Dipl-ograptvs  foliaceua  (Murch.) 
Clhnacograptiis  bicomis  (Hall.) 
Gryptvgraptus  tricomi^t  (Carr.) 


The  black  shales  are  not  seen  on  the  gairy  along  the  north 
margin  of  this  fold  of  chert ;  they  are  evidently  faulted  out.  A 
dyke  of  acid  intrusive  rock  inins  up  the  cliff  about  the  line  of 
junction  between  the  cheils  and  greywackee.  The  strata  found  in 
the  gairy  to  the  north  of  this  point  consist  of  greywackes,  which 
show  a  considerable  development  of  brown  mica  of  secondary 
origin, 

To  the  south  of  the  small  granite  boss  above  referred  to  as 
occuning  in  the  gairy,  there  are  minor  folds  of  the  cherts  and 
black  shales.  In  the  coomb-shaped  hollow  that  forms  the  south 
half  of  the  Moorbrock  Gairy,  drained  by  the  White  Bum,  west 
of  Glenhead,  another  exposure  of  cherts,  grey  and  dark,  of  the 
nodular  varieties,  is  nearly  150  yards  broad.  Along  its  north 
and  south  margins,  the  black  shales  appear,  and  they  likewise 
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form  a  synclinal  fold  in  the  centre  of  the  mass.  This  broad 
fold  of  the  cherts  can  be  traced  westwards  from  the  gairy  of 
Moorbrock  aci*os6  the  hill-top  to  the  edge  of  the  granite  mass. 
The  alteration  of  the  chert  is  irregular;  in  places  the  rock  is 
gi'anulitised,  while  at  other  localities  it  merges  into  the  fine 
granular  quartz  variety  which  is  a  phase  of  the  extreme  meta- 
moi-phism  that  occurs  near  Loch  Doon. 

Bcmd  of  Volcanic  Bocks  betweerv  tlie  KeUo  and  Euclvoun  Waters^ 

yrohahly  of  Ca/radoc  Age. 

About  two  miles  to  the  north  of  the  belt  of  Arenig  Rocks  and 
Glenkiln-Hartfell  black  shales  which  stretches  from  the  head- 
waters of  the  Ken  to  the  Sanquhar  basin  of  Carboniferous  Rocks, 
a  narrow  zone  of  volcanic  rocks  runs  more  or  less  parallel,  and 
traceable  at  intervals  for  three  miles,  from  near  the  edge  of  the 
Sanquhar  coal-field  to  the  Poltallan  Bum,  one  of  the  higher 
tributaries  of  the  Euchan  Water.  Nowhere  along  their  line  of 
outcrop  ai^e  these  volcanic  rocks  associated  with  Arenig  cherts 
or  with  black  shales  yielding  characteristic  Glenkiln  graptolites. 
The  fossils  which  do  occur  are  common  to  both  horizons.  In  the 
sequel  we  shall  point  out  that  several  miles  to  the  north  of  this 
line  of  outcrop,  the  radiolarian  cherts  and  Arenig  volcanic  i^ocks 
are  to  be  found  in  the  area  bordering  the  New  Cumnock  coal- 
field, where  the  characteristic  Glenkiln  graptolites  are  still  met 
with  in  black  shales.  It  is  probable,  therefore,  that  the  narrow 
zone  between  the  Kello  and  Euchan  Waters  may  occupy  a  higher 
horizon  than  that  of  the  Arenig  volcanic  series.  Indeed,  in  the 
Poltallan  Bum,  tuff  is  interbedded  in  shales  which  contain 
graptolites  that  indicate  a  Lower  Hai-tfell  horizon. 

Barr  Moor  (three  miles  S.W.  from  Sanquhar). — At  the 
eastern  limit  of  the  volcanic  zone  a  small  exposure  of  black 
shales  is  met  with  in  the  Birk  Bum,  in  the  wood  at  the  very 
edge  of  the  Carboniferous  basin.  Black  shales,  containing 
nodules  of  greywacke  and  grit,  or  nodular  masses  of  these 
materials,  have  there  been  laid  bare  by  the  denudation  of  the 
overlying  thin  cake  of  Carboniferous  sandstone.  In  the  west 
fork  of  this  stream,  about  a  quarter  of  a  mile  from  the  edge  of 
the  basin,  a  section  on  the  rignt  bank  exposes  upwards  of  20  feet 
of  lava,  the  vesicular  character  of  which  is  well  seen  in  weathered 
specimens.  On  the  north  side  of  the  lava,  in  the  bed  of  the 
stream,  crushed  dark  blue  shales  occur,  while  on  the  south  side 
blue  shales  are  seen  on  the  right  bank. 

The  next  exposure  of  the  volcanic  zone  is  to  be  seen  in  a  small 
tributary  of  the  Kello  Water,  about  half  a  mile  to  the  west  of 
the  outcrop  just  described,  and  nearly  a  mile  from  the  foot  of  the 
stream.  The  bum  flows  over  tuff,  which  lias  a  grey  matrix  of 
volcanic  debris,  and  contains  bombs  of  diabase-lava.  On  the 
south  side  of  this  tuff,  and  in  contact  with  it,  black  shales  yield 
the  following  fossils : 
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Dieranograptua  ramoaua  (Hall.) 
Oryptograptus  tricomis  (Carr.) 
Diplograptua  foluiceus  (Murch.) 
L^tograptus  flaccidus  (Hall.) 


Climacograptus  sp. 
Dicellograptus  sextans  (Hall.) 

,,  Forchhammeri  (Gein.) 


Westwards,  the  tuff  is  traceable  by  means  of  debris  in  drains 
to  the  March  Bum,  while  occasional  debris  of  vesicular  lava 
also  appears,  as  on  the  hill  slope  not  far  to  the  west  of  the 
March  Bum.  Still  further  west,  in  the  Polsallnch  Burn,  a  tribu- 
taiy  of  the  Kello  Water  between  the  March  Burn  and  Glen^p, 
and  two-thirds  of  a  mile  from  its  junction  with  the  Kello,  tuff 
appears  in  the  bed  of  the  stream.  On  the  north  side,  grey  grey- 
wackes  and  shales  dip  to  the  south-east.  Though  the  actual  con- 
tact of  the  tuff  with  the  greywackes  is  not  seen  in  the  stream, 
they  occur  close  to  each  other.  The  greywackes  form  the  slope 
on  the  north  bank,  where  they  dip  to  tlie  S.S.E.  The  tuff  has 
here  also  a  grey  matrix,  and  contains  blocks  of  vesicular  lava. 

South-westwards  on  the  slope,  about  100  yards  distant  from 
the  Polsalloch  Burn,  the  slaggy  lava  is  exposed  in  a  small  scar, 
and  reappears  on  the  hill  slope  facing  the  Glengap  Bum.  A 
microscopic  examination  of  a  specimen  of  the  lava  from  the 
latter  locality  shows  that  "  only  the  felspars  are  preserved,  which 
occur  in  the  form  of  short  laths,  and  are  associated  with  carbon- 
ates and  turbid  decomposition  products.  The  spherical  amyg^ 
dules  are  formed  of  oalcite."  On  this  slope,  both  slaggy  lava 
and  tuff  are  visible  in  a  well-marked  grassy  feature  through 
which  they  protrude.  Black  shales  occur  at  one  point  on  the 
south  side  of  the  volcanic  rocks,  followed  immediately  by  coarse 
grits.  Indeed,  on  the  slope  near  the  col  between  the  Glenga]> 
and  Poltallan  Bums  the  grits  become  conglomeratic. 

Poltallan  Burn  (Euchan  Water). — ^In  this  bum,  about 
300  yards  up  from  its  junction  with  the  Euchan  Water,  a  band 
of  tuff  passes  into  an  ashy  grit,  about  eight  feet  broad.  On  the 
north  side  it  is  followed  by  dark  blue  sandy  shales  yielding 
Diplograptus  foliacetis,  Corynoides  ccdyculcms,  and  Climojcogra'pius. 
The  shales  are  much  cleaved,  but  in  certain  seams  Coryrioides 
cdb/culcuris  and  Climacograptiis  occur  in  profusion.  The  tuff  is  also 
visible  in  the  bed  of  the  Euchan  at  the  Euchanhead  shepherd's 
house. 
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CHAPTER  XVn. 

THE  NORTHERN  BELT— continued. 

ARENIG,    LLANDEILO,    AND   CARADOC   FORMATIONS   IN   THE   DISTRICT 
BETWEEN   NITHSDALE   AND   LOCH   DOON — Continued, 

NEW  CUMNOCK  TO  CARSPHAIRN, 

Volcanic  Area  ttvo  miles  E.8.E.  of  New  Camnock, 

In  the  tract  lying  to  the  north  of  the  Knipe  Hill,  and  extend- 
ing from  the  north-west  margin  of  the  Sanquhar  coal-field  to 
the  area  of  Carboniferous  rocks  south  of  New  Cumnock,  there  is 
an  important  development  of  the  Arenig  volcanic  group  and 
associated  radiolarian  cherts.  Here,  as  elsewhere,  the  rocks  are 
brought  to  the  surface  by  means  of  isoclinal  folds,  and  in  one 
instance,  south-west  of  Polshill,  two  miles  east  from  New  Cum- 
nock, the  contemporaneous  and  intrusive  volcanic  rocks  are 
admirably  seen.  Indeed,  of  the  various  exposures  of  these  rocks 
outside  of  the  Ballantrae  region,  the  Polsnill  tract  ranks  next 
in  importance  to  that  of  Bail  Hill,  near  Sanquhar. 

The  Bumtonhill  Bum,  a  small  streamlet  about  three-quarters 
of  a  mile  south-west  of  Polshill,  exposes  an  isolated  outcrop  of 
the  volcanic  rocks  and  radiolarian  cherts.  The  upper  reaches 
of  the  stream  show  greywackes  and  shales,  together  with  conglo- 
merate bands  having  a  shaly  matrix,  and  merging  into  shaly 
greywacke  with  scattered  pebbles.  At  a  point  about  seventy 
yards  above  the  farmhouse  of  Bumtonhill,  the  red  cherts  are 
visible,  grejnvackes  and  shaly  conglomerate  passing  underneath 
them  with  an  inverted  dip.  A  few  yards  lower  down  the  stream 
a  small  exposure  of  fine-grained  vesicular  lava  is  to  be  seen  on 
the  right  and  left  banks,  overlain  and  underlain  by  cherts. 
Further  down,  opposite  Bumtonhill  Faimhouse,  the  greywackes, 
grits,  and  shales  appear.  An  isolated  outcrop  of  the  red  cherts 
occurs  in  the  field  to  the  east  of  Bumtonhill  Farmhouse.  In  the 
Elder  Bum,  about  200  yards  to  the  east  of  Bumtonhill,  the  basic 
lava  rises  at  one  point,  and  it  also  occurs  in  the  adjoining  field. 
Still  further  eavst,  in  a  field  adjoining  the  Gatelochside  Bum, 
the  lava  is  visible  at  maiiy  points  within  a  small  radius,  forming 
smooth  glaciated  surfaces  peering  through  a  thin  superficial 
cover. 

Gatelochside  Burn. — One  of  the  best  sections  of  the 
volcanic  rocks  in  this  area  is  met  with  in  the  course  of  this 
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stream  which  joins  the  Nith,  400  yards  east  of  Blackwood  Farm- 
house, iust  before  it  enters  the  f -arlwniferous  area  at  Gateloch- 
side.  For  a  distance  of  300  yards  to  the  south  of  the  fault 
bounding  the  Carboniferous  area,  the  bum  flows  through  a 
narrow  ^orge  or  wooded  glen,  showing  excellent  exposures  of  the 
igneous  rocks.  The  lava  is  visible  immediately  to  the  south  of 
the  fault,  and  about  100  yards  up  from  the  fault,  the  red  radio- 
larian  cherts  are  seen  in  the  f?orge.  Further  up  stream,  at  a 
point  near  a  waterfall  about  200  yards  above  thf  fault,  the  red 
chert  and  jasper  are  seen  on  both  banks  of  the  stream,  underlain 
and  overlain  by  the  lava.  Here,  above  a  bend  in  the  stream, 
the  cherts  are  again  visible  on  the  right  bank,  forming  an  infold 
of  the  volcanic  rocks. 

The  southmost  exposure  of  the  volcanic  rocks  in  this  stream, 
about  300  yards  to  the  south  of  the  Carboniferous  fault,  displays 
the  pillow- structure  which  is  such  a  characteristic  feature  of  the 
lavas  in  the  Ballantrae  region.  The  pillowy  masses  vary  in 
size  from  a  few  inches  to  several  feet  across,  and  they  display 
the  concentric  arrangrement  of  the  vesicles  so  common  in  the 
Ballantrae  region.  The  lava  is  uniform  in  character,  rather 
fine-grained  and  vesicular.  A  specimen  of  this  vesicular  lava 
(No.  6807)  shows  under  the  microscope  "acicular  microlites  of 
felspar,  chlorite,  and  magnetite.  The  original  rock  probably 
contained  granular  augite,  but  no  trace  of  this  mineral  now 
remains.  The  microlites  of  felspar  show  a  tendency  to  arrange 
themselves  tangentially  with  respect  to  the  amygdules.  They 
give  approximately  straight  extinction,  and  are  therefore  pre- 
sumably orthoclase.  It  is  possible  that  a  second  felspar  occur- 
ring in  irregular  individuals  may  also  be  present."  The  red 
cherts  and  jasper  are  seen  resting  on  the  lavas  on  the  top  of  the 
bank  at  this  locality. 

In  this  volcanic  area,  as  already  noted  elsewhere,  intrusive 
igneous  rocks  are  associated  with  the  bedded  lavas.  A  small 
intrusive  patch  of  dolerite  is  seen  to  the  west  of  Gratelochside 
Bum,  measuring  about  200  yards  in  length  and  about  60  yards 
in  extreme  width.  The  main  mass  of  intrusive  rocks,  however, 
lies  to  the  east  of  Gatelochside  Bum,  and  runs  nearly  east  and 
west  for  a  distance  of  about  half  a  mile,  terminating  westwards 
in  the  Garpool  Bum  close  to  the  granite  mass  that  stretches  as 
a  narrow  belt  from  Meikle  Westland  to  the  Knipe  Hill.  This 
mass  consists  of  a  green  coarse-grained  ophitic  dolerite,  well  seen 
in  various  old  quarries  to  the  south  of  Polshill.  It  is  probably 
intmsive  in  the  lavas,  for  though  the  exposures  are  few,  the 
contemporaneous  slasrgv  rocks  are  to  be  seen  at  various  points  in 
the  fields  on  the  north  side  of  the  intrusive  mass  and  at  one  or  two 
points  on  the  south  side. 

The  cherts  are  seen  at  one  point  about  150  yards  to  the  south 
of  the  road  leading  to  Polshill  Farmhouse.  They  are  there  close 
to  the  intrusive  mass,  while  the  slaggy  lava  is  visible  on  a  knoll 
close  at  hand.  Along  the  northern  margin  of  the  bedded  lavas 
neither  the  cherts  nor  the  black  shales  are  observable.    Indeed, 
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the  evidence  is  obscured  by  drift,  and  the  rock  actually  seen  at 
the  roadside  near  Polshill  consists  of  grej'in^acke.  In  like 
manner,  round  the  southern  margin  of  the  mass,  the  cherts  and 
black  ishales  are  concealed  from  view. 

One  interesting  feature  connected  with  this  area  of  volcanic 
rocks  south  of  Polshill  is  the  contact  alteration  induced  on  the 
slaggy  lavas  by  the  granite  intrusion,  which  is  well  seen  at  a 
point  in  the  Garpool  Burn  about  500  yards  south  of  the  road 
leading  to  New  Cumnock,  and  also  in  the  small  tributary  stream 
(see  page  647). 

Nether  Cairn  (one  mile  east  of  Polshill). — ^Eastwards 
from  Polshill  towards  Marchbum  Farmhouse,  several  arches  of 
the  radiolarian  cherts  occur.  At  the  farmhouse  of  Nether  Cairn 
the  volcanic  rocks  appear,  composed  of  typical  slaggy  lava 
(diabase).  The  cherts  are  visible  in  a  streamlet  on  the  south 
side  of  the  lava,  followed  by  the  "  Haggis  Bock  "  or  fine  conglo- 
merate. They  are  also  seen  in  the  middle  of  the  area  occupied 
by  the  lava  to  the  west  of  the  farmhouse,  here  forming  probably 
a  synclinal  fold. 

March  Bur n. — In  this  bum  which  drains  the  northern 
slope  of  High  Cairn  Hill  and  joins  the  Nith  near  the  counts' 
boundary,  the  red  mudstones  crop  out  a  few  yards  above  the 
bridge,  followed  by  red  grit  becoming  conglomeratic.  A 
short  distance  up  stream,  where  the  recks  are  sheared  to  some 
extent,  blocks  of  stained  diabase  occur  in  red  mudstones. 
Where  the  stream  takes  a  bend  at  a  rijjht  angle,  red  greywackes 
and  shales  are  seen  on  the  left  bank  and  red  jasper  in  the  channel 
of  the  stream.  On  the  right  bank  red  mudstone  bands  contain 
lenticles  of  a  purple  slaggy  diabase,  with  small  vesicles,  well  seen 
at  the  base  of  the  cliff.  The  small  tributary  that  joins  the 
March  Bum  about  200  yards  above  the  high  road  to  Dumfries, 
exposes  purple  diabase  associated  with  the  red  chert  and  followed 
by  grits. 

Dempster's  Glenmuckloc  h. — ^Again,  at  the  edge  of  the 
Ranquhar  coal-field,  about  a  mile  east  from  March  Bum,  Arenig 
lava  appears  in  a  bum  that  joins  the  Nith  at  Partland  Place. 
The  red  cherts  with  radiolaria  are  met  with  on  the  south  side  of 
this  outcrop.  In  the  bum  at  Dempster's  Glenmuckloch,  on  the 
north  side  of  the  Nith  near  the  farmhouse,  the  cherts  occur, 
associated  with  greywackes  and  grits,  the  latter  being  visible  at 
the  waterfall.  Along  the  margin  of  the  vSilurian  area<  from 
Hillhead  west  to  the  Nith,  occasional  exposures  of  pebbly  grit 
mark  the  position  of  the  Haggis  Rock. 

OlenMlv^Hartfell  Shales  in  Pohnorlach  and  Polhote  Bum^. 

Polmorlach  Burn. — ^Having  described  the  important 
volcanic  area  of  Polshill,  near  New  Cumnock,  we  may  now 
consider  the  evidence  for  connecting  the  Arenig  volcanic  rocks 
and  cherts  of  that  district  with  tlie  graptolite-bearing  bands 
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belonging  to  the  Glenkiln  and  Lower  Hartfell  horizons.  The 
Polmorlach  Bum  furnishes  important  information  from  certain 
fossiliferous  bands  which  yield  an  assemblage  of  fossils  chai'acter- 
istic  of  the  Glenkiln  group  and  of  the  lower  zones  of  the 
Hartfell  black  shales.  This  bum  is  about  half  a  mile  distant 
from  the  county  boundary  between  Ayr  and  Dumfries,  and  about 
two  miles  from  the  edge  of  the  Carboniferous  rocks  east  of  New 
Cumnock.  It  rises  on  the  slope  of  the  High  Cairn  Hill,  and 
after  traversing  the  Silurian  area  for  about  a  mile,  enters  the 
north-west  comer  of  the  Sanquhar  coal-field.  Above  the  limit 
of  the  Carboniferous  rooks,  greywackes  and  shales  are  seen,  the 
former  being  rather  massive,  ^o  fossils  were  obtained  from  any 
of  the  shale  bands  associated  with  these  greywackes. 

About  a  mile  up  from  the  road  between  Xew  Cumnock  and 
Sanquhar,  a  band  of  igneous  rock  occurs  as  a  lenticle  in  dark  blue 
shales  in  the  bed  of  tne  stream.  It  is  about  five  feet  broad,  can 
be  followed  along  the  strike  for  about  ten  feet,  and  may  be  from 
fifteen  feet  to  twenty  feet  in  length.  Under  the  microscope  this 
rock  (No.  6809)  shows  "numerous  large  chloritic  or  serpen- 
tinous  pseudomorphs  after  augite.  The  matrix  is  too  highly 
altered  for  determination,  but  it  is  apparently  non-fragmental. 
The  rock  contains  irregular  patches  of  calcite,  and  is  traversed 
by  veins  filled  with  calcite.  Pyrite  is  abundant."  This  lenti- 
cular mass  probably  represents  the  Lower  Caradoc  volcanic  zone. 
A  few  yaros  above  this  point,  flaggy  shales  dip  to  the  R.S.E. ; 
they  consist  of  alternations  of  dark  blue  and  grey  sandy  shales. 
The  following  fossils  were  obtained  from  the  dark  seams  at  this 
point : 

IHcram/)grQ/ptus  s^.  I    OZtmaco^mptiM  catida^iw  (Lapw.) 

2)i>)io^rap«ii«/o^iacei«  (Murch.)  „              5cAaren6«rgrt  (Lapw.) 

Oryptograptus  tric(ymut  (Carr. )  Cofynoides  calycxdaris  (Nich. ) 

DiceUograptua  sp.  A crotreta  Nicholsani  (Dav. ) 
CHosaograptus  Hincksi  (Hopk.) 

A  few  yards  fiirther  up,  in  dark  blue-black  seams  alternating 
with  grey  seams,  the  following  forms  were  obtained : 

Amphigraptusradiatus  (L&pw.)  I    Glosaograptus  Hincksi  (Hopk.) 

Leptograptus  flaccidus  (Hall. )  1   Diplograptus  foliaceus  (Murch. ) 

(hrynmdea  calyctdarU  (Nich.)  Oryptograptus  tricomis  (Carr.) 

Dicellog^-aphi*  sp.  Dtcranograptus  ramoms  (Hall. ) 

moffatensis  (Carr.)  Acrotreta  Nichdsoni  (Dav.) 

At  the  places  just  mentioned,  the  sandy  layers  yield  abundant 

worm  tracks. 

Still  a  third  locality,  which  has  furnished  a  similar  assem- 
blage of  graptolites,  occui*s  a  few  yards  higher  on  the  left  bank, 
at  a  sharp  bend  of  the  stream  about  70  yards  above  the  last- 
mentioned  exposure  of  igneous  rock.  H(»re  the  shnles  consist 
of  alternations  of  blue  and  grey  bands  with  dark  seams.  The 
annexed  list  of  graptolites  was  here  obtained: 

Dicrunograptua  ramoms  (ELaII.)  I    Corynoides  ealycidaris  (Sich.) 

Dip/o^roptu*  sp.  (probably  a  dwarfed)   '   Dicellograptus  moffaUnsis  (Caarr.) 
/oHa<r«t«  (Murch.)  eUgans  (Catt.) 

Z 
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The  shales  at  these  various  places  have  the  same  characters ; 
they  are  well-bedded,  flaggy,  and  break  in  platy  masses.  From 
their  graptolites,  it  is  clear  that  they  represent  the  lower  bands 
of  the  Lower  Hartfell  black  shales.  Although  the  lithological 
character  of  these  shales  has  completely  changed  from  flieir 
normal  type  in  the  Moffat  area,  the  assemblage  of  fossils  is 
persistent.  The  sediment  is  more  arenaceous,  and  the  only 
representatives  of  the  Hartfell  black  shales  are  the  thin  dark 
seams  intercalated  in  the  sandy  layers. 

About  ten  yards  above  the  last-named  locality,  an  outcrop  of 
black  shales  is  charged  with  a  characteristic  Glenkiln  fauna. 
This  short  space  is  occupied  by  grey  and  blue  shales  with  dark 
seams  of  the  Lower  Hartfell  type  peculiar  to  this  section,  so  that 
we  have  here  a  perfect  passage  downwards  to  the  Upper  Llandeilo 
Rocks.  This  band  of  black  shales  also  differs  considerably  from 
the  normal  type  of  Glenkiln  Shales  in  the  Moffat  area  and  in 
the  southern  part  of  the  Sanquhar  district.  It  is  a  pure  black 
shale,  splitting  with  an  even  fracture  and  free  from  the  black 
siliceous  ribs.  Its  strata  dip  to  the  S.S.E.,  and  are  much 
cleaved  in  places.  They  have  yielded  the  following  characteristic 
list  of  fossils: 


Didymograptus  superstes  (Lapw.) 
Cosnograptus  gracilis  (Hall.) 
,,  4urcti2am(Hall.) 

, ,  pertenuis  (Lapw. ) 

Diplograptus  euglyphus  (Lapw.) 
,,  foliaceus  (Murch.) 

,,  pereoccavatus  (JjBLpw.) 

Laaiograptus  himiuyronatu3  (Nich.) 
Cryptograptu8  tricomis  (Carr.) 
Dicranograptua  ramosiLS  (Hall.) 
Olosaograptus  Hincksi  (Hopk.) 


i< 


1 » 


DicellograpiAja  sextans  (Hall.) 

moffatensis  (Carr. ) 
patidosus      var.       B. 

(Lapw.) 
paiutosus  (Lapw.) 
dimacograptus  bicomis  (Hall.) 

ccdatus  var.  antiquus 
(Lapw.) 
,,  Sehareribergi  (Lapw.) 

Leptograptus  flacddus  (Hall . ) 
Aerothele  granulata  (Linnr.) 


This  assemblage  of  fossils,  including  twenty  species,  proves 
beyond  all  doubt  that  this  band  represents  the  Glenkiln  black 
shales  of  the  Moffat  series.  The  most  of  the  characteristic  Glen- 
kiln forms  are  here  represented. 

Unfortunately  the  radiolarian  cherts  are  not  exposed  at  this 
place,  for  as  we  ascend  the  bum  these  beds  are  faulted  against 
greywackes  and  shales,  the  latter  containing  a  band  of  felspathic 
grit,  like  the  ashy  grit  in  Kiln  Bum,  east  of  Bail  Hill  (p.  312). 
Crossing  over  the  moor  for  a  distance  of  three-quarters  of  a  mile 
from  Polmorlach  Bum  to  the  west  branch  of  the  March  Bum, 
we  meet  with  the  green  cherts  with  radiolaria  (Arenig)  at  the 
head  of  the  bum.  A  few  yards  down  stream,  beyond  a  blank 
in  the  section,  a  small  exposure  of  black  shales  is  to  be  seen  in 
the  bed  of  the  stream.  It  is  difficult  to  get  material  from  these 
beds  for  examination.     They  yielded,  however. 


Diplograptus  foliaceas  (Murch . ) 
Climacagrapt'us  bicomis  (Hall.) 
Oryptograptus  tricomis  (Carr.) 


Dicellograptus  sextans  (Hall.^ 

Forchhammen  (G«in.) 
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The  Arenifi^  cherts  are  thus  associated  here  with  the  black 
shales,  and  though  no  well-marked  zonal  forms  occur  in  this 
list  of  fossils,  which  evidently  includes  species  common  to  both 
groups  (Glenkiln  and  Hartfell),  there  can  be  little  doubt  that 
a  portion  of  the  band  so  well  developed  in  the  Polmorlach  Bum 
is  here  represented. 

Polhote  Burn. — ^About  half  a  mile  to  the  south-east  of 
the  Polmorlach  Bum,  confirmatory  evidence  is  obtained  of  the 
occurrence  of  a  black  shale  which  contains  Glenkiln  fossils  and 
passes  upwards  into  blue  and  grey  shales,  with  dark  seams 
resembling  the  beds  in  Polmorlach  Bum.  On  the  west  branch 
of  the  Polhote  Bum,  a  tributary  of  the  Nith,  an  excellent 
section  may  be  seen  of  the  grey  and  blue  shales  with  dark 
seams,  all  dipping  to  the  S.S.E.,  from  which  the  following  forms, 
representing  the  Lower  Hartfell  horizon,  were  obtained :  Dicello- 
grapttts  Forchhammeri,  DiphgraptuSy  Climacograptus,  and  Crypto^ 
graptus  tricomis.  About  200  yards  west  of  the  fork,  and  30  yards 
above  the  bend  in  the  west  branch  of  the  Polhote  Bum,  where  it 
flows  nearly  east  and  west,  an  outcrop  of  black  shales  associated 
with  greywackes  represents  the  Glenkiln  horizon,  and  resembles 
lithologically  the  Glenkiln  Shales  in  Polmorlach  Bum  and  the 
Glenkiln  black  shales  in  Back  Bum  near  Corsebank,  Crawick 
Water.  Graptolites  occur  here  freely,  and  in  excellent  preserva- 
tion :  in  particular,  D,  superstes  and  C.  Schwrenhergi,  Coenograp- 
tiLs  pertenuis  is  also  very  abundant.  The  subjoined  list  gives  the 
species  collected  at  this  place : 


Didymograpttu  superstes  (Lapw.) 
CotM^raptus  gracuis  (Hall.) 

pertenuis  (Lapw.) 


Dicellograptus  sextans  (Hall.) 

„  patuUmis  (Lapw.) 

,,  moffaiensis  {(JBXT.) 

Olossograptus  Hincksi  (&opk.)  Dicranograptus  ramosus  (Hall.) 

Oryptograptus  tricomis  (Csjnc.)  '   Diplograptus  foliacens  (MnTch.) 

Climacograptus  hicomis  (Hall.)  ,,  euglyphus  (Lapw.) 

,,  Schdrenbergi  (LApw.)       AcrotheU  granvlaia  (Liiaai?) 

At  the  bend  in  the  stream  just  referred  to,  a  band  of  pebbly 
grit,  resembling  a  "  Haggis  Rock,"  is  exposed  on  the  right  bank. 
The  Glenkiln  black  shales  reappear  on  the  left  bank,  probably 
on  a  fold,  and  further  down  the  stream  displays  a  fine  section  of 
the  flaggy  blue  and  grey  shales  with  dark  seams,  associated 
occasionally  with  greywackes.  These  rocks  continue  all  the 
way  down  to  the  edge  of  the  Carboniferous  basin. 

DALMELLINGTON  DISTRICT. 

Arenig  Rocks  along  the  Ma/rgin  of  the  Silurian  Tableland . 

Along  the  margin  of  the  Silurian  Tableland  in  the  neigh- 
bourhood of  Dalmellington,  a  narrow  strip  of  radiolarian  cherts, 
with  occasional  exposures  of  the  underlying  volcanic  rocks,  is 
traceable  for  a  distance  of  about  five  miles.  It  is  about  a  quarter 
of  a  mile  in  breadth,  and  on  the  published  map  (Sheet  14^  hflw 
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been  coloured  as  part  of  the  Old  Red  Sandstone  formation.  On 
the  north  side  it  is  bounded  by  the  fault  which  limits  the  Lower 
Old  Red  Sandstone,  and  on  the  south  side  it  is  truncated  by  the 
prolongation  of  the  Glen  App  fault. 

At  the  north-east  end  of  this  strip,  the  red  cherts  and  mud- 
stones  are  visible  in  a  small  knoll,  near  the  sheep-ree  about  half 
a  mile  E.N.E.  of  Mossdale  Farmhouse.  Here  they  are  pierced 
by  a  dolerite  dyke  running  W.S.W.  and  E.X.E.  In  a  little  side 
stream,  named  the  Trough  Bum,  about  400  yards  east  of  Moss- 
dale,  the  red  cherts  and  mudstones  occupy  the  watercourse  for  a 
short  distance,  rising  from  underneath  the  grey  mudstones  of 
the  "  Tappins  group."*  They  also  form  small  knolls  on  the  north 
bank  of  the  stream.  The  fault  which  truncates  the  red  cherts 
and  mudstones  on  the  south  side  is  visible  in  the  Trough  Bum. 
Further  south  in  this  stream,  the  strata  exposed  consist  of  shaly 
greywackes  and  shales.  The  fault  that  bounds  the  red  cherts  and 
grey  mudstones  on  the  north  side  is  exposed  in  the  Mossdale 
Bum,  about  half  a  mile  above  Mossdale.  Here  the  grey  mud- 
stones are  brought  into  conjunction  with  an  intrusive  f elsite,  the 
rocks  on  both  sides  being  much  shattered.  To  the  north-east 
of  this  point,  it  is  probable  that  the  red  cherts  and  mudstones 
extend  for  some  distance,  since  numerous  fragments  of  chei-ts 
occur  in  the  drift. 

In  Glen  Muck,  just  south  of  Mossdale  Bridge,  the  green  mud- 
stones overlying  the  red  mudstones  occupy  a  strip  about  150 
yards  broad.  At  the  bridge  across  the  Muck  an  exposure  of 
lower  old  Red  conglomerate  is  seen  in  a  quarry,  but  the  fault 
which  brings  the  conglomerate  in  contact  with  the  mudstones  is 
not  visible.  On  the  south  side  these  green  mudstones  are  suc- 
ceeded by  the  greywackes  and  shales  of  the  Mossdale  Craigs. 

South-westwards  along  the  margin  of  the  Silurian  area,  the 
rocks  are  concealed  under  drift  for  some  distance.  The  cherts 
reappear,  however,  in  a  small  bum  that  drains  into  the  Doon 
below  the  Glen  of  Ness,  near  Dalfarson.  At  a  point  in  this  burn 
about  half  a  mile  from  its  junction  with  the  Doon,  about  two 
feet  of  a  porphyritic  slaggy  lava  (Arenig)  may  be  detected  in 
the  midst  of  the  red  cherts.  The  rock  is  purple,  contains  much 
decomposed  porphyritic  fel.-par,  and  resembles  externally  some 
of  the  Areniff  porphyritic  lavas  at  Ballantrae.  About  70  yards 
north  from  tnis  small  exposure,  another  small  mass  of  Arenig 
lava  which  appears  in  the  slope,  is  like  the  ropy  lava  about  a  mile 
to  the  south-west  of  Berbeth.  Various  knobs  of  red  cherts  and 
red  mudstones  are  to  be  found  on  the  south  slope  of  the  Well 
Hill.  At  one  point  the  red  mudstones  occur  not  far  from  the 
Lower  Old  Red  Conglomerate,  the  position  of  the  fault  between 
the  two  being  indicated  by  a  well-marked  feature.  The  Old  Red 
Conglomerate  is  vertical,  and  its  pebbles  are  composed  almost 
wholly  of  greywacke. 

*  This  term  is  applied  to  a  group  of  strata,  which,  at  Portandea,  north  of  Glen  App 
and  in  the  valley  of  the  Stinchar  above  Barr,  overlie  conformably  the  Arenig  cherts  and 
volcanic  rocks. 
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Berbeth  to  Kaockdon. — South-westwai'ds  from  the 
Ness  at  Dalfarson  to  Knockdou,  on  the  river  Girvan,  several 
exposures  of  the  Arenig  cherts  may  be  observed  asi$ociated  at  one 
locality  with  characteristic  lavas.  The  I'ed  cherts  and  mudstones 
are  to  be  seen  in  the  policies  of  Berbeth,  on  the  east  side  of  the 
mansion  house,  where  they  form  a  prominent  knoll.  They  are 
visible  also  in  the  Glessel  Bum,  to  the  south  of  Berbeth.  In  this 
stream  up  to  the  waterfall  above  the  old  gasworks^  shattery  grey 
mudstones  and  greywackes  are  laid  bare  which  resemble  the 
"  Tappins  group  "  of  the  Stinchar  valley.  The  red  cherts  and 
mudstones  reappear,  however,  on  another  fold  three-quarters  of 
a  mile  south-west  of  Berbeth  Mansion-house,  near  a  prominent 
bend  of  the  Glessel  Bum.  The  crags  about  a  quarter  of  a  mile 
to  the  south-west  of  Berbeth  displs^  a  fine  development  of 
shattery  green  and  grey  mudstones  and  greywackes  of  tne  "  Tap- 
pins  series*"  It  ijs  obvious  that  the  section  along  this  part  of  the 
margin  of  the  Silurian  Tableland  bears  a  close  resemblance  to 
that  in  the  Stinchar  valley  near  the  Tappins  (see  p.  464). 

Still  further  to  the  south-west,  in  one  of  the  branches  of  the 
Glessel  Bum,  fed  by  streamlets  which  drain  the  northern  slopes 
of  the  Big  Hill  of  Glenmount,  about  a  mile  from  Berbeth 
Mansion-house,  red  and  grey  cherts  and  mudstones  are  laid  bare, 
succeeded  northwards  by  green  mudstones  and  greywackes,  seen 
at  intervals  in  the  stream,  the  general  dip  being  to  the  south- 
east. 

In  the  same  south-westerly  direction,  green  and  grey  mud- 
stones and  greywackes  are  exposed  in  several  knobs,  with  an 
occasional  outcrop  of  red  chei*ts  and  mudstones.  On  the  slope, 
immediately  to  the  north  of  the  Wee  Hill  of  Glenmiount,  and 
not  far  from  the  alluvial  flat  formed  by  one  of  the  branches  of 
the  Glessel  Bum,  a  section  shows  the  relation  of  the  Arenig 
volcanic  rocks  to  the  cherts.  The  lavas  are  seen  in  several 
knobs,  bounded  on  the  north  side  by  the  red  cherts  and  mud- 
stones. In  one  of  these  exposures,  where  the  rock  is  less 
decomposed,  it  is  vesicular,  and  contains  porphyiitic  felspars  set 
in  a  dark  micro-crystalline  matrix,  and  shows  traces  of  the 
pillowy  stinicture  already  noticed.  To  the  south  of  this  mass  a 
pink  intrusive  igneous  rock  occurs,  which  is  largely  developed 
in  the  immediate  neighbourhood  to  the  north.  The  red  cherts 
and  red  mudstones  can  be  followed  south-weetwards  at  intervals 
to  near  the  Knockdon  Craig,  which  is  the  last  exposure  of  them 
to  be  met  with  in  the  direction  of  the  Girvan  valley. 

It  might  be  contended  that  some  of  these  red  cherts  and  mud- 
stones, formerly  mapped  as  part  of  the  Lower  Old  Jied  Sand- 
stone, may  have  been  stained  by  the  membei*8  of  the  Old  Red 
Sandstone  which  formerly  covered  them.  But  such  a  supposi- 
tion is  improbable,  because  the  Old  Red  Conglomerate  immedi- 
ately in  contact  with  the  cherts  is  grey  in  colour  and  charged 
with  greywacke  pebbles.  It  is  fui-tner  of  interest  to  note  that 
the  acid  intmsive  rock  which  pierces  the  Arenig  cherts  and  the 
overlying  mudstones  and  greywackes  south  of  tne  Wee  Hill  of 
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Glenmount  is  identical  in  character  with  ihat  which  cuts  the 
Lower  Old  Bed  Sandstone  strata  to  the  north.  It  also  bears  a 
close  resemblance  to  the  acid  intrusive  rocks  which  surround 
the  Criffel  and  Dalbeattie  granite  mass. 

The  fault  that  bounds  the  belt  of  Arenig  cherts  and  overlying 
mudstones  between  Knockdon  and  Glen  Muck  can  be  of  no  great 
magnitude,  because  the  conglomerate  in  contact  with  the  Arenig 
rocKs  is  apparently  the  basal  conglomerate  of  the  Old  Red 
formation  which  throughout  Ayrshire  is  composed  mainly  of 
greywacke  pebbles. 

Connel  Burn  to  Benty  Cowan  Hill  (south-west 
from  New  Cumnock). — ^About  a  mile  from  the  margin  of  the 
Silurian  Tableland  west  of  the  Afton,  the  Arenig  volcanic  rocks 
and  radiolarian  cherts  and  mudstones  come  to  the  surface  along 
another  line  which  stretches  from  the  Connel  Bum  to  Benty 
Cowan  Hill  (Sheets  14  and  15  of  the  Survey  Map),  a  distance  of 
about  one  and  a  half  miles.  The  Arenig  cherts  are  not  traceable 
the  whole  distance,  being  succeeded  by  pebbly  greywackes  and 
grits  along  the  line  of  strike. 

Ascending  the  Connel  Biun  from  the  point  where  it  is  crossed 
by  the  fault  that  brings  the  Carboniferous  rocks  into  contact  with 
the  Silurian  strata,  we  find  two  outcrops  of  pebbly  grit  or 
"  Haggis  Bock  "  inclined  to  the  south-east.  Not  far  to  the  south 
of  these  exposures,  the  cherts  and  mudstones  are  to  be  found  on 
two  folds;  the  more  northerly  one  shows  only  red  cherts  and 
mudstones  on  both  banks  of  the  stream,  succeeded  immediately 
by  greywackes ;  in  the  second  fold,  visible  in  a  streamlet  on  the 
east  bank  of  the  Connel  Bum,  the  red,  green,  and  grey  cherts  are 
met  with. 

Along  the  line  of  strike  to  the  south-west  of  the  Connel  Bum, 
volcanic  agglomerate  crops  out  on  the  Connel  bum  Big,  at  a 
point  about  500  yards  from  the  exposures  of  the  cherts  in  the 
Connel  Bum.  This  rock  forms  small  rounded  knobs  on  the  hill 
slope,  and  at  one  spot  there  is  a  small  opening  as  if  it  had  been 
quarried.  The  rocK  is  decomposed,  but  it  seems  to  have  a  frag- 
mental  matrix  of  crystalline  igneous  material,  through  which 
are  scattered  fragments  of  black,  red,  and  grey  cherts.  In  a 
little  grass-covered  opening,  which  may  have  been  a  small 
quarry,  the  red  cherts  are  seen  in  contact  with  the  volcanic  rock. 
They  are  also  visible  in  drains  on  both  sides  of  the  agglomerate. 
About  40  yards  down  the  slope  pebbly  grit  of  the  ''Haggis 
Bock  "  type,  with  mudstones,  appears  in  a  small  scar. 

South-westwards  along  the  hill  slope,  at  a  distance  of  a  quarter 
of  a  mile,  various  exposures  of  the  radiolarian  cherts  may  be 
observed  above  the  level  of  the  1250-feet  contour  line ;  and  on 
the  crest  of  the  ridge  between  the  Connel  Bum  and  the  Blarene 
Bum,  small  knobs  of  vesicular  basaltic  lava  of  Arenig  age  are 
seen  peering  thi'ough  peat.  About  a  mile  still  more  to  the 
south-west,  the  red  cherts  crop  out  on  the  slope  of  the  Benty 
Cowan  Hill,  along  a  fold  which  must  lie  slightly  to  the  north  of 
the  strike  of  the  arches  referred  to  in  the  foregoing  paragraphs. 
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A  noteworthy  feature  in  connection  with  the  exposures  of 
Arenig  volcanic  rocks  and  cherts  between  Connel  Bum  and 
Benty  Cowan  Hill,  is  the  absence  of  the  peculiar  mudstones  and 
greywacke  bands  of  the  "  Tappins  group  ^  in  the  Stinchar  valley. 
Representatives  of  that  series,  as  already  indicated,  crop  out 
near  Berbeth  in  association  with  the  radiolarian  cherts  at  the 
margin  of  the  tableland.  Their  absence  here  may  indicate  a 
slight  unconformability ;  at  anyrate,  the  "  Haggis  Eocks,"  which 
rapidly  succeed  the  cherts  in  the  Connel  Bum,  contain  abundant 
fragments  of  chert  and  fragmental  material  derived  from  the 
disinteg^tion  of  volcanic  rocks. 

Beyond  the  watershed  the  Dalleagles  Bum,  on  the  west  side 
of  Benty  Cowan  Hill,  has  laid  open  a  good  section  of  well-bedded 
flaggy  shales  and  greywackes,  dipping  generally  to  the  south- 
east.    These  beds  resemble  those  seen  in  part  of  Glen  Muck. 

Poohriegavin  Burn. — ^About  a  inile  to  the  south  of  the 
strike  of  the  Connel  Bum  and  Benty  Cowan  Hill  band  of  radio- 
larian cherts  and  mudstones,  another  anticlinal  fold  which 
reveals  the  cherts  and  overlying  black  shales  with  graptolites,  is 
traceable  for  about  a  mile  from  the  Poohriegavin  Bum,  a 
tiibutary  of  the  Deugh,  north-eastwards  to  a  small  stream  which 
drains  tne  south  slope  of  the  Stony  Knowes  Hill.  About  300 
yards  to  the  west  of  the  point  where  the  Prickeny  Biim  joins  the 
Poohriegavin  Bum,  grey  cherts  with  radiolaria  appear  in  the 
bed  of  the  latter  stream,  with  dark  blue  shales  on  the  south  side. 
The  shales,  though  crushed,  yield  fragments  of  graptolites.  The 
general  (£ip  is  to  the  south-east.  Higher  in  the  stream,  in  the 
intervals  between  gaps  in  the  section,  occasional  exposures  of 
flaggy  grits,  greywackes,  and  shales  may  be  seen ;  till  at  a  point 
about  150  yards  west  of  the  radiolarian  cherts,  flaggy  dark  blue 
and  grey  shales,  finely  striped  with  dark  seams  with  fragments 
of  graptolites  are  met  with.  In  dark  blue  sandy  shales  exposed 
in  the  bed  of  the  stream,  the  following  fossils  were  obtained : 

Glimacog^raptii^  biconiis  (Hall.)  I    Dtploffraptus  foliaceus  (Murch.) 


Schdrenbergi  (Lapw.) 
OrypUxfiuptus  tncarnia  (Carr.) 
Dvcranograptus  ramosus  (Hall.) 


Dicdlograptus  sp. 
Corynoides  ccdycularis  (Nich.) 
LoMograptus  margaritatua  (Lapw.) 


In  a  small  bum  that  drains  the  Stony  Knowes  Hill  and  joins 
the  Pochriegavin  Bum  about  half  a  mile  north-west  of  Lochma- 
harb  shepherd's  house,  the  radiolarian  cherts  appear  about  200 
yards  from  the  foot  of  the  streamlet  The  grey  cherts  are  first 
seen  where  a  fence  crosses  the  bum.  A  few  yards  further  north 
the  grey  cherts  are  typically  developed,  and  enclose  abundant 
radiolaria.  They  are  associated  with  mudstones  and  dark  blue 
shales,  the  latter  occurring  in  two  synclijjal  folds.  Again  on  the 
north  side  of  the  cherts,  after  an  interval  of  several  yards,  grey 
sandy  shales  are  met  with,  followed  by  greywackes  and  shales. 

The  zonal  graptolites  chamcteristic  of  the  Glenkiln  Shales 
have  not  been  obtained  as  yet  from  the  beds  in  immediate  con- 
tact with  the  cherts  of  the  Pochriegavin  band,  the  dark  blue 
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shales  next  the  cherts  being  too  much  crushed  to  yield  grapto- 
lites  in  that  stream.  About  a  mile  to  the  south,  however,  on 
another  anticlinal  fold,  a  section  in  the  Deugh  of  part  of  the 
Moffat  series,  hai»  furnished  a  large  suite  of  graptolites.  This 
section  closely  resembles  that  in  Polhote  and  Folmorlach  Bums 
in  Sheet  15,  north-wett  of  Sanquhar  (p.  368). 


CARSPHAIRN  DISTRICT, 
Black  Shale  Batids  in  the  Baein  of  the  Deugh  Water, 

Hillend,  AVater  of  Deugh  (Sheet  14  of  the  Survey 
Map). — On  ike  east  bank  of  the  Deugh,  about  500  yards  «outn 
of  tne  mouth  of  the  Pochriegavin  Bum  at  the  shepherd's  house 
of  Hillend,  the  graptolite-bearing  beds  are  exposed  at  intervals 
for  a  distance  of  about  60  yards.  The  fossils  obtained  at  one 
point  in  the  section  show  that  the  strata  belong  to  the  Glenkiln 
group  ;  but  it  is  probable  that  some  of  the  other  bands,  yielding 
forms  common  to  the  Glenkiln  and  Hartfell  groups,  may  be  the 
passage  beds  between  these  two  horizons. 

The  north  end  of  the  section  presents  alternations  of  grey 
and  dark  blue  or  black  shales,  finely  striped,  in  a  band  of  blacK 
shales  alternating  with  the  grey  seams,  trom  which  the  accom- 
panying list  of  fossils  was  obtained: 

Dieranograptus  ramotus  (Hall.)  var.  Climacograptua  sp. 

gpinoixu  (Lapw.)  Oryptograptita  tricomu  (Carr.) 

DioeUograptua  sextam  (KaM,)  *   Dieranograptus  ranu)im»  (SAil.) 

„            Forthhcmmeri  (Gein.)  Diploaraptus      foUaceus      (Muroh.) 

L^toffraptus  flacdd/aa  (Hall.)  abundant  in  some  of  the  seams. 


About  twelve  yards  down  stream  on  the  same  bank,  dark  blue 
or  black  shales,  alternating  with  greywackes,  contain  Dkrano- 
grajptus  ratnosus  abundantly  in  certain  layers,  Cryptograptus 
iricomis  abundantly,  CUtnacograptus  Schdrenhergi,  and  C.  bicomis. 
Lower,  on  same  bank,  in  black  sandy  shales,  Dicranograptus 
ramiosus  and  Cryptograptus  tricomis  have  been  found  abundantly ; 
also  Diplograpttis  foliaceus,  Dicellograpttis  sextans,  and  Corynoides 
calyeulcuns. 

At  a  point  on  the  east  bank  about  54  yards  below  the  iirst 
exposure,  black  or  dark  blue  flags  or  shales  afford  graptolites 
characteristic  of  the  Glenkiln  group  in  abundance  and  fine 
preservation.  The  lithological  characters  of  the  Glenkiln 
Shales,  as  here  developed,  differ  widely  from  those  in  the  typical 
Moffat  region.  Instead  of  alternations  of  black  cherty  ribs  and 
black  shales,  flaggy  dark  blue  or  blue-black  sandy  shales  occur 
here,  like  the  band  of  Glenkiln  Shale  in  Polhote  Burn  north- 
west of  Sanquhar.  The  fossils  are  well  defined,  but  owing  to  the 
presence  of  iron  pyrites  in  the  shale  they  ultimately  disappear. 
The  following  list  was  here  obtained : 
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Didymograptus  mperstes  (Lapw.)  Climaeograpius  Sehdrenber^  (Lapw.) 

Goenograptus  gracilis  (Hall.)  „            peUifer  (Lapw.) 

,,           pertenuis  (Lapw.)  Dicranograptus  ramosus  (Mall.)  var. 

Lanographu  bifMicranatus  (Nich. )  spirumu  (Lapw. ) 

Onfptograptua  trieorrUs  (Carr.)  DiceUograptut  sextans  (Hall.) 

Olimacograptus  bicomis  (Hall.)  ,   Diplograptus  foUaceus  (Murch.) 

On  the  same  slab  with  Clirnacograptus  peltifer  occur  Dicello- 
graptus  sextans,  Dicranograptus  ramosus,  and  a  fragment  of  Coeno- 
graptus  pertenuis  and  Climacograptus  Schdrenhergi.  Minute  seams 
of  grey  shale  are  interleaved  in  the  foregoing  black  flaggy 
shales.  Down  stream  greywackes  appear,  with  alternations  of 
dark  shales  seamed  with  grey  shales.  From  the  maimer  in  which 
bands  of  greywacke  are  intercalated  in  these  graptolite-beaiing 
shales,  it  is  probable  that  the  Glenkiln  or  Upper  Llandeilo  Rocks 
are  here  partly  represented  by  graptolite-bearing  shales  and 
partly  by  greywackes. 

Petillery  Hill.— About  half  a  mile  to  the  south  of  the 
graptolite  bands  just  described,  grey  cherts  with  radiolaria 
appear  in  association  with  greywackes  and  grits  on  the  west 
slope  of  the  Petilleiy  HiU,  on  the  east  side  of  the  valley  of  the 
Deufi^h.  They  form  a  series  of  rocky  knolls  peering  through 
heamer  and  turf,  named  on  the  six-inch  niap  (Kirkcudbright  2, 
S.W.)  the  Shiel  Knowes.  The  peculiar  feature  of  these 
exposures  is  the  alternation  of  grey  radiolarian  cherts  with  bands 
of  gi-eywacke,  which  measure  in  some  instances  several  feet 
across.  At  one  spot  the  rock  next  the  chert  is  a  grit  with  minute 
fragments  of  radiolarian  chert.  No  graptolite  shales  are  asso- 
ciated with  the  cherts  at  this  locality. 

Brownhill  Bur n. — ^At  the  point  where  this  sti'eam  joins 
the  Deugh,  in  the  bed  of  the  latter  stream,  black  shales  with  grey 
seams  and  red  cherts  are  exposed,  which  can  be  traced  for  a 
short  distance  down  the  river  when  the  sti'eam  is  low.  On  the 
west  bank  the  strata  are  pierced  by  a  dyke  of  porphyrite. 

Not  far  from  the  foot  of  the  Brownhill  Bum,  and  a  few  yards 
south  of  the  footbridge,  crushed  and  shattery  black  shales  are 
intercalated  in  blue  shales.  Graptolites  are  aoundant  in  certain 
layers,  and  though  the  shales  are  ver}*^  shattery  the  fossils  are  in 
good  preservation.    The  following  Glenkiln  forms  were  obtained : 

Dicranograptus  ramosus  (Hall.)  var.       Diplograptus  perexcavatus  (LApw.) 
spinosus  (Lapw. )  Lcuiograptus  himucronatus  (Nich. ) 

Diplograptus  mucronaJbus  (Hall.)  <    Oryptograpi/M  tricornis  (Carr.) 
fcliaceus  (Murch.)  GUmacograptus  sp. 

euglyphus  (Lapw.)  DiceUograptus  sextans  (Hall.) 


About  150  yards  further  up  stream,  in  flaggy  dark  blue  shales, 
among  other  forms  Climacograptus  bicomis^  Diplograptiis  folia^ceus, 
and  DiceUograptus  were  found.  In  a  small  stream  that  joins  the 
Brownhill  Burn  on  the  west  side  (the  Polga\an  Burn),  black  shales 
occur.      No  fossils  except  graptolite  fi'agments  were  here  obtained, 

Knockingarroch  (Water  of  Deugh,  Sheet  8  of  Sui*vey 
Map). — About  a  quarter  of  a  mile  below  Knockingarroch,  and 
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about  two  miles  north  of  Carsphaini,  black  shales  which  yield  a 
fine  assemblage  of  Glenkiln  ^raptolites  are  laid  bare  in  the 
Water  of  Deugh.  At  the  southern  limit  of  the  section,  on  the 
east  bank  of  the  stream,  grey  and  dark  blue  shales  are  inter- 
stratified  with  thin  leaves  or  seams  of  black  shales,  an  eighth  of 
an  inch  thick,  which  yield  traces  of  graptolites  mostly  indeter- 
minable. These  beds,  occupying  about  12  yards  of  the  section, 
are  succeeded  by  shattered  black  shales,  certain  bands  of  which 
yield  graptolites  in  profusion,  including  Dicellograptvs  sextans, 
Lasiograptus  bimucronatiis,  Diplograptus  miLcronatus,  D.  foUaceus, 
B.  perexcavatus,  and  Crypiogra/ptus  tricornis.  Northwards 
these  black  shales  are  followed  by  blue  flags,  shales,  and  grey- 
wacke  bands,  which,  after  a  blank,  are  in  turn  succeeded  by  a 
fine  development  of  black  shales,  visible  on  the  eastern  bank 
and  in  the  bed  of  the  stream.  The  platy  shales  are  crowded 
with  graptolites,  some  of  the  seams  yielding  well-preserved 
specimens  of  zonal  forms  of  the  Glenkiln  group,  the  examples  of 
Didymograpttis  superstes  being  especially  perfect.  A  few  yards 
up  stream,  on  the  east  bank,  gritty  greywacke  is  observable,  but 
no  continuous  section  to  the  north  or  south  of  the  foregoing 
black  shales  reveals  their  relation  to  the  overlying  sediments. 

Bridge-End. — Not  far  above  the  bridge  across  the  Deugh, 
about  a  mile  north  of  the  village  of  Garsphaim,  black  shales 
much  crushed  and  shattered  are  visible,  where  they  dip  to  the 
east  of  south,  on  the  left  bank  of  the  stream,  and  are  succeeded 
by  blue  greywackes. 

Garryhorn,  Oairnsgarroch,  and  Carlin's  Cairn. — 
A  series  of  compound  folds  of  the  Moffat  series  and  associated 
sediments  in  the  neighbourhood  of  the  Woodhead  Lead  Mines, 
west  of  Carsphaim,  is  specially  interesting,  from  the  contact 
metamorphism  superinduced  on  the  radiolarian  cherts  by  the 
Loch  Doon  gi*anite  mass.  It  exhibits  a  further  notable  feature 
in  the  marked  deflection  of  the  strike  of  the  beds  as  they 
approach  the  margin  of  the  igneous  mass.  For  example,  in  the 
Garryhorn  Bum,  the  strike  of  the  strata  is,  generally  speaking, 
about  E.N.E.,  but  ti*aced  westwards  to  the  slope  of  the  Kells 
range,  it  is  deflected  to  the  S.S.W.,  and  runs  roughly  parallel  with 
the  granite  boundary  for  several  miles.  Owing  to  contact  metar 
morphism,  many  of  the  exposures  are  of  little  service  in  deter- 
mining stratigraphical  horizons  by  means  of  fossils;  certain 
sections,  however,  prove  that  the  Arenig  cherts  are  succeeded  by 
black  shales  yielding  Glenkiln  graptolites,  and  that  the  highest 
fossiliferous  zone  underlying  the  Carsphaim  grits  and  conglo- 
merates belongs  to  the  Lower  Hartfell  black  shales. 

The  Garryhorn  Bum  above  its  junction  with  the  Halfmark 
Burn  flows  over  a  series  of  greywackes  and  shales,  with  grits 
and  fine  conglomerates,  till  at  a  point  about  150  yards  south-east 
of  Garryhorn  Farmhouse  Arenig  cherts  and  black  shales  make 
their  appearance.  Here  the  grey  nodular  and  banded  cherts  are 
crowded  with  radiolaria.  On  tne  south  limb  of  the  fold,  the 
black  shales,  with  a  south-east  dip,  enclose  the  following  Glen- 
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kilu  forms :  Gamograptus  pertenuie,  Dicellogrcuptus  sextans, 
Climacograptus  hicomis,  C.  peUifer,  Lasiograptus  Hmucomatus. 
Diplograptus  foliaceus,  D.  eiujlyphus,  AcrotheU,  &c.  A  few 
yards  farther  down  stream,  on  the  same  side,  shattered  and 
brec5ciated  black  shales  occur,  containing  graptolites  in  some  of 
the  jointed  masses.  Here  Coryrundes  ccdycularis  appeai-s  in  pro- 
fusion in  some  of  the  seams,  together  with  Siphonotrela  mictda. 
Further  down  on  the  north  side  of  the  burn,  and  a  few  yai'ds 
above  the  footbridge,  the  Glenkiln  black  shales  reappear,  charged 
with  DidymograptvLS  supersteSy  Cryptograptus  i/ricomis  in  pro- 
fusion, Bicranograptus  ra/mosus,  &c.  A  fault  traverses  the  bed 
of  the  stream  at  this  pointy  the  direction  of  which  is  indicated  by 
fault-breccia.  On  the  north  limb  of  the  fold,  shattered  black 
shales  appeal*,  but  too  much  crushed  to  yield  graptolites. 

About  400  yards  south-west  of  Garryharn  Farmhouse,  the 
Arenig  cherts  and  black  shales  appear,  the  latter  being  consider- 
ably crushed  and  corrugated.  On  the  south  limb  of  the  fold,  the 
black  shales  on  the  north  bank  jielded^Diplograptvs  eaglyphiis,  JJ, 
foliaceus,  Dicranograptv^  ramosus,  Cryptograptus  tricomis,  Climaco- 
grapttis,  Bicellograptus,  and  Corynoides.  Still  further  west,  at  the 
lower  end  of  the  alluvial  flat  below  the  Woodhead  smelting-houses, 
radiolarian  chei'ts  crop  out,  but  their  relations  to  the  surrounding 
rocks  are  not  visible.  About  130  yards  to  the  south  of  them, 
the  following  graptolites  were  obtained  from  debris  of  black 
shale  lying  near  an  old  trial  pit :  Diplograptus  foliaceus,  Bicrano- 
graptus, Climacograptus,  Corynoides  calycula/ris,  &c.  The  surfaces 
of  some  of  the  slabs  are  crowded  with  specimens  of  the  last-named 
form. 

In  the  strike  of  this  series  of  compound  folds,  the  Arenig 
cherts  and  black  shales  appear  on  the  Black  Craig,  which  forms 
the  termination  of  the  north-eastern  spur  of  the  Caimsgarroch 
Hill.  The  latter  eminence  lies  on  the  south  side  of  the  Garry- 
horn  Bum,  and  two  miles  south-west  of  Woodhead  Lead  Mines. 
The  north-east  face  of  this  crag  exposes  the  black  shale  series. 
A  small  outcrop  of  the  cherts  is  faulted  on  the  south  side  against 
greywackes  ana  pebbly  grits.  Northwards  black  flinty  ribs,  with 
thin  partings  of  olack  shales,  succeed,  which  afford  Coenograptus 
gracilis,  Lasiograptus  himucronatus,  B.  foliaceus,  Bicellograjyttis 
sesdans,  Climacograptus  bicomis,  and  Cryptograptus  tricomis.  At 
the  top  of  the  crag,  due  west  of  the  arch  of  cherts,  the  black 
shales  yield  Bicranograptus  ramosus  in  abundance. 

Further  to  the  south-west  the  radiolarian  cherts'^reappear,  and 
are  truncated  on  the  south-east  side  by  a  fault  which  brings  them 
in  contact  with  the  overlying  greywackes  and  shales.  On  the 
north-west  side  they  are  followed  by  corrugated  black  shales,  the 
jimction  between  the  two  groups  being  a  line  of  fault.  The  only 
fossils  obtained  from  these  twisted  bands  are  Corynoides  calycularis, 
Diplograptus  foliaceus,  and  Climacograptus^Schdrenbergi. 

Three-quarters  of  a  mile  to  the  south-west  a  broad  exposure  of 
the  Arenig  cherts,  black  shales,  and  overlying  sediments  rises 
into  a  prominent  crag  on  the  noi*th  slope  oi  Caimsgarroch.  Hill, 
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about  two  miles  to  the  south-west  of  Woodhead  Lead  MiueH. 
This  declivity  is  drained  hy  two  streams,  of  which  the  most 
westerly  one  is  uamed  on  tne  six-inch  map,  the  Lumps  Bum- 
About  300  yai'ds  east  from  this  streamlet,  and  near  the  centre  of 
the  section,  a  well-marked  arch  of  radiolarian   chert,   though 
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about  a  utile  distant  fi'om  the  granite  boundary,  is  slightly  graii- 
ulitised.  The  black  shales  and  dark  flinty  ribs  near  the  cherts  on 
the  north-west  side  yield  Lasiograptits  bimucronatuB,  Cryptograptus 
hicomie,  Diffranograjdv,s  ramosus,  and  DiceUo<iraptv^.     About  t«n 
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yards  from  tho  cherts,  on  the  same  side,  the  following  forms  were 
obtained,  viz. :  Dicranograpttis  ramosus,  Glimacogra'pius  hicomis, 
and  C  iriientcdus ;  while  at  a  distance  of  45  yards  Dicelhgraptus 
and  Dioranograptus  are  found  crowding  the  slabs  of  black  shale, 
together  with  Climacogrwpius  Schdreribergi  and  IHplograptus 
foliac&us — ^forms  which  indicate  the  basal  zones  of  the  Lower 
Hartfell  black  shales. 

On  the  south-east  limb  of  the  arch,  the  cherts  are  brought  by 
a  fault  immediately  into  contact  with  the  overlying  grey  sandy 
shales  of  Lower  Hartfell  age.  The  relations  of  these  sandy 
shales  to  the  black  shales  are  clearly  defined  in  the  eastern 
portion  of  this  crag  (see  ground  plan,  Fig.  92,  Section  Fig.  93, 
and  one-inch  Geological  Map,  Sheet  8),  for  as  we  proceed  east- 
wai-ds  along  the  escarpment  we  find  an  arch  of  black  shales 
running  up  the  slope  to  the  top  of  the  crag  and  plunging  under- 
neath the  grey  sandy  shales  to  the  north-east  and  south-west. 
In  the  seams  of  black  shale  immediately  in  contact  with  the 
grey  sandy  shales,  a  characteristic  assemblage  of  Lower  Hartfell 
fossils  was  obtained.  Beautiful  examples  of  Dicranograpttis 
Nicholsoni  (wide-angledj variety)  were  collected,  and  near  to  this 
locality  the  slabs  of  black  shales  are  crowded  with  well-preserved 
shells.  Moreover,  in  thin  leaf-like  seams  interleaved  in  the 
overlying  grey  sandy  micaceous  shales,  CUmacograpius  hicomis, 
DiceUograptus,  and  JHplograptus  folia/:eus  occur,  which  indicate 
a  natural  passage  upwards  from  the  lower  zones  of  the  Hartfell 
black  shales  into  the  coarser  shaly  sediments  and  overlying 
pebbly  grits  and  conglomerates. 

Caonugarrocb 


¥i<\.  93. — Section  of  Crag,  Cairnsgarroch,  Carsphairn,  along  the  line  marked 

in  Fig.  92. 

Eastwards  along  the  crag,  the  grey  sandy  shales  are  abruptly 
truncated  by  a  fault  which  brings  them  in  contact  with  the  black 
shales  and  cherts  to  the  south-east.  Disregarding  minor 
flexures,  it  is  obvious  that,  on  Caimsgarroch  Crag,  the  Arenig 
cherts  and  black  shales  come  to  the  surface  along  two  main 
anticlines,  and  that  the  grey  sandy  shales  lie  in  small  intervening 
troughs. 

These  outcrops  of  the  Moffat  series  are  traceable  south-west- 
wards to  the  southern  slopes  of  the  Meaul  (2279  feet)  and  the 
head-waters  of  Pulmaddy  Bum,  where  highly  corrugated  and 
granulitised  cherts  are  associated  with  black  shales  which  still 
^deld  graptolites.  In  a  tributary  of  the  Goat  Burn,  that  drains 
the  south-east  slope  of  the  Meaul,  an  outcrop  of  black  shales 
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yielded  the  following  Glen^ln  forms:  Didymograj^ius  s^tp&nteSy 
Bicranograptus  minimus,  D.  ramosiis,  DvceUograptus  sextans, 
Diplograptus  perexcavatiis,  D.  foliacevs,  and  Cryptograpttis  tricomis, 
Graptolites  are,  however,  difficult  to  obtain  within  half  a  mile  of 
the  granite,  and  they  disappear  close  to  the  boundary  line.  Per- 
haps tlie  finest  examples  of  the  extreme  alteration  of  the  Arenig 
cherts  are  to  be  found  in  the  band  (Sheet  8  of  the  Map)  which 
has  been  traced  along  the  western  slope  of  the  Meaul  for  a 
distance  of  a  mile  and  a  half  close  to  the  margin  of  the  granite. 

Half-mark  Burn  and  Craigchessie. — Rather  less  than 
half  a  mile  to  the  south-east  of  the  Caimsgarroch  band  of  black 
shales,  another  outcrop  of  the  Moffat  series  is  distinguished  by 
the  presence  of  certain  zonal  Hartfell  graptolites  in  the  shales 
that  imderlie  the  sandy  shales  and  conglomerates  of  that  rerion 
(Carsphaim  Grits).  On  the  eastern  slope  of  Caimsgarroch  Hill, 
three  rivulets  unite  to  form  the  Half-mark  Bum.  Near  the 
head  of  the  middle  streamlet,  abundant  debris  of  black  shale 
occurs,  which  affords  graptolites  in  good  preservation:  DipJo- 
grapius  evjglyphus,  D.  foliaceus,  Climacogra/ptvs  peltifer,  Dicrano- 
graptxis  ramosus,  Cryptogrwptus  tricomis,  Acrothele  granulata, 
&c.  On  the  slope  above,  the  Arenig  cherts  appear,  but  unfor- 
tunately owing  to  the  covering  of  turf  the  prolongation  of  their 
outcrop  is  concealed  from  view  for  some  distance  to  the  north- 
east and  south-west.  The  members  of  the  Moffat  series  reap- 
pear, however,  about  a  mile  to  the  south-west,  on  Craigchessie, 
which  forms  the  southern  spur  of  Caimsgarroch.  Here  the 
cherts,  including  the  black  and  grey,  nodular  and  ribbed 
varieties,  come  to  the  surface  on  an  isoclinal  fold.  Near  the 
1850-feet  contour  line  they  dip  E.  40°  S.,''^and  further  down  the 
slope  the  direction  is  E.  20°  S.  Debris  of  black  shale  occurs 
underneath  the  turf  close  to  the  cherts,  but  owing  to  the  cover- 
ing of  vegetation  the  Glenkiln  black  shales  do  not  appear  at  the 
surface.  At  the  1500-feet  level,  however,  on  the  south-east  limb 
of  the  arch,  a  dry  gully  within  a  few  yards  of  the  radiolarian 
cherts  displays  a  fine  section  of  the  lower  zones  of  the  Hartfell 
black  shales.  Some  of  the  slabs  are  crowded  with  DiceUograpti 
to  the  exclusion  of  any  other  form,  and  some  with  Diplograptus 
foliaceus.  The  following  additional  forms  were  noted,  viz.: 
Amphigraptus  radiatus,  Dicellograptus  Morrisi,  Glimacograpius 
cAiudaitus,  and  DiceUograptvs  Forchhamm^, 

The  evidence  now  adduced  regarding  the  exposures  of  the 
Moffat  series  in  the  neighbourhood  of  Caimsgarroch  and  Garry- 
horo  Bum  indicates  an  ascending  sequence  from  the  Arenig 
cherts  and  Glenkiln-Hartfell  black  shales  to  the  shales,  grits, 
and  conglomerates  of  the  Carsphaim  region. 

Sedimsnts  mainly  of  Caradoc  Age   overlying  the   Qlenkihir-Hartfell 
Black  Shales  between  the  Nith  and  the  Loch  Doo7i  Oranite  Mass, 

Reference  must  now  be  made  to  certain  sediments  which 
overlie  the  various  folds  of  the  Arenig  cherts  and  Glenkiln- 
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Hartfell  black  shales  to  the  north  of  the  Llandovery  base-line, 
within  the  tract  that  extends  from  the  Nith  to  the  Loch  Doon 
granite  mass.  The  evidence  adduced  in  the  foregoing  pages 
shows  that  in  the  arches  of  the  Moffat  series,  extending  from 
Bummouth  on  the  Nith  to  Dalshangan  on  the  river  Deugh,  the 
Lower  Hartfell  black  shales  of  the  Dicelhgraptus  GUngani  zone 
still  present  the  same  general  lithological  characters  as  those 
in  the  Moffat  region,  where  they  consist  of  platy  black  shales. 
But  when  they  are  followed  northwards  to  the  J^olmorlach  and 
Polhote  Bums,  within  two  miles  of  the  northern  margin  of  the 
tableland  at  New  Cumnock,  this  lithological  type  has  disap- 
peared, and  the  lower  zones  of  the  Hartfell  black  shale  group  are 
represented  by  thin  black  seams  interleaved  in  blue  and  grey 
shales.  Still  further  north,  along  the  Silurian  border,  the  Hart- 
fell shales  are  no  longer  traceable,  and  in  the  region  near  Loch 
Muck,  to  the  north-west  of  Carsphairn,  the  Glenkiln  graptolites 
occur  in  dark  shales  embedded  in  grey  shales  and  greywackes. 

When  these  facts  are  taken  into  consideration,  it  is  reasonable 
to  infer  that  the  coarse  sediments  between  the  Nith  and  the  Loch 
Doon  granite  mass  are  mainly  of  Caradoc  age,  as  they  overlie 
some  members  of  the  Hartfell  black  shales  throughout  the 
greater  part  of  the  area.  At  the  same  time  it  is  highly  probable 
5iat  some  of  the  greywackes  and  shales  which  are  intercalated  in 
the  graptolite  sh^es  that  yield  Glenkiln  forms  may  be  of  Upper 
Llandeilo  age. 

The  sediments  now  under  consideration,  the  age  of  which 
cannot  be  definitely  ascertained  by  means  of  fossils  derived  from 
the  beds  themselves,  consist  of  (1)  massive  conglomerates,  (2)  black 
grits  and  greywackes  with  pebbly  bands,  (3)  zones  of  flagstones 
and  shales  with  occasional  limestone  nodules  and  bands  of  grit  or 
conglomerate.  These  subdivisions  are  well  seen  in  the  tract 
between  the  Nith  and  the  Kells  Hills. 

The  group  of  flagstones  and  shales  with  limestone  nodules  are 
repeated  by  folds  throughout  the  area,  but  are  specially  well 
5»een  in  the  river  Nith  between  Enterkinfoot  and  Bummouth,  in 
the  lower  portion  of  the  Bumsands  Bum,  in  various  slate  quarries 
in  the  Dalwhat  Valley,  and  also  at  the  junction  of  the  Deugh 
with  the  Ken.  It  is  not  improbable  that  as  the  flagstones  and 
shales  pass  northwards  from  the  Llandovery  base-line  across  the 
successive  anticlines  of  the  Moffat  series,  they  may  occupy  a 
slightly  lower  geological  horizon  than  that  of  the  Barren  Mud- 
stones  of  Moffat. 

Prominent  among  these  overlying  sediments  are  the  conglo- 
merates of  the  Shinnel  and  Afton  Waters.  The  Shinnel  group  is 
traceable  from  the  Shinnel  valley  north-eastwards  into  those  of 
the  Chanlock  and  the  Scar.  the  coarse  conglomerates  shade 
into  pebbly  grits  and  greywackes  with  thin  shaly  partings ;  the 
included  pebbles,  which  are  embedded  in  a  greyish  gritty  matrix, 
sometimes  calcareous,  vary  from  the  size  of  a  pea  to  a  foot  in  dia- 
meter. The  blocks  are  well  rounded,  and  consist  of  acid  and 
basic   intmsive   igneous   rocks,    slaggy   diaba««p-lavas    (ArenigV 
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radiolarian  chert,  black  and  grey  varieties,  blue  and  grey  grey- 
wacke,  grey  shale,  black  shale,  quartz,  &c.  From  the  frag- 
ments of  black  shale  in  the  conglomerate  of  the  March  Bum,  two 
small  graptolites  were  obtained,  one  probably  a  Diplograptus, 
and  the  other  a  Climacograptus.  From  the  same  place  Orihis 
eaUigramma  and  remains  of  encrinite  stems,  probably  Olypto- 
crinus,  were  procured — ^forms  which  occur  in  me  Duntercleuch 
conglomerate  of  the  Leadhills  region.  Further  palseontological 
evidence  is  supplied  by  the  dark  shales  associated  with  the 
pebbly  grits  and  fine  conglomerates  of  this  series,  which  yield 
imperfectly  preserved  graptolites.  For  example,  in  the  Kirk- 
eonnell  Bum — a  tributary  of  the  Shinnel  from  the  west — a  speci- 
men of  Climacograptus  of  Llandeilo  t^l>e  was  found  in  black 
shales  and  dark  grit,  about  300  yards  from  Cormilligan  shep- 
herd's house,  and  to  the  north  of  a  band  of  conglomerate  (Sheet  9 
of  the  Survey  Man).  Again,  in  the  GlenskelTv  Bum — a  tribu- 
tary of  the  Dalwnat  Water,  about  three  miles  north-west  of 
Moniaive — ^graptolites  of  Caradoc  types  were  obtained.  In  the 
middle  branch  of  this  stream,  about  900  vards  above  Dalwhat 
House,  dark  blue  or  grey  shales,  with  black  seams  or  leaves 
about  an  eighth  of  an  inch  thick,  yielded  Leptograptiis  flaccidiia, 
BiceUogra/pbis  eleganSj  Biplogra/ptus  foliaceus,  and  Clima/io- 
graptus  htcornis.  Similar  palseontological  evidence  was  afforded 
by  the  Corrodow  slates,  at  a  point  about  four  miles  north-west 
from  Moniaive  in  the  Dalwhat  valley.  Again,  at  the  sheep-stell, 
in  the  Kirkconnel  Bum,  about  a  quarter  of  a  mile  south  of 
Cormilligan,  blue  shaly  mudstones  and  shales  contain  limestone 
nodules  and  oval  masses  of  grit,  about  two  feet  across.  One  of 
the  limestone  nodules  yielded  a  coral.  Where  a  stone  fence 
crosses  the  stream,  the  'shales  are  slightly  stained,  and  some  of 
the  bands  have  a  silky  texture. 

Though  the  paljeontological  evidence  regarding  the  age  of  the 
Shinnel  Water  conglomerate  is  not  very  definite,^  it  nevertheless 
furnishes  reasonable  ground  for  assigning  this  rock  to  the 
Caradoc  rather  than  to  the  Llandovery  formation.  The  recxir- 
rence  of  zones  of  grey  shales  with  black  strains  containing 
Caradoc  graptolites  between  Clodderoch  Bum  (Shinnel  Water) 
and  Corrodow  (DjJwhat  Water)  points  to  the  conclusion  that  the 
associated  strata  are  of  the  same  age.  But  while  this  is  doubt- 
less a  reasonable  inference,  it  ought  to  be  frankly  admitted  that 
some  of  the  massive  grits  lying  to  the  north  of  the  line  which 
has  been  provisionaHy  drawn  as  the  base  of  the  Llandovery 
Rocks  resemble  the  Llandovery  grits,  and  mw  be  of  the  same 
age.  Examples  of  these  grits  occur  in  the  Barlae  Hill,  three 
miles  north  of  Dalrv ;  but  even  there,  the  fossil  evidence  supplied 
by  the  flaggy  shales  in  the  Barlae  Quarry  is  opposed  to  the 
reference  of  them  to  the  Llandovery  formation,  for  in  the  flaggy 
shales  of  this  quarry  the  worai  tracks  long  ago  recorded  by 
Professor  Harkness  are  associated  with  Diplograptus  foUoMus  and 

CUvnaeograptus.  . 

An    outcrop    of    fossiliferous    conglomerate    appears    m    the 
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PulhaiTow  Burn,  about  a  mile  below  its  junction  with  the  Bum- 
head  Burn.  It  contains  pebbles  of  fine-grained  limestone, 
granulitic  quartz-schist,  grit,  and  fragments  of  black  shales  ; 
some  portions  of  tlie  rock  are  highly  calcareous,  and  yield 
encrinites,  shells,  &c.  (Sheet  8  of  the  Map). 

Far  to  the  north-west,  at  the  head  of  the  Afton  Water 
(Sheet  15),  this  conglomeratic  series  is  prominently  developed 
on  both  sides  of  the  valley  between  Craigdarroch  and  Montraw, 
where  its  beds  dip  to  the  N.N.W.  at  high  angles.  The  pebbles, 
which  are  well  rounded,  lie  in  a  matrix  of  grey  grit,  and  vary 
in  character  in  different  layers.  The  largest  boulders  consist  of 
granite  and  greywacke.  One  of  grey  granite  was  found  to 
measure  three  feet  by  one  foot  and  a  half,  and  another  18  inches 
by  six  inches,  while  some  of  the  greywacke  pebbles  measure 
two  feet  in  diameter.  The  following  percentage  of  included 
blocks  was  taken  on  the  moor  about  a  mile  south-west  of  Craig- 
darroch, on  the  way  to  Montraw: 

Gabbro,  banded  and  other  varieties,  and  dolerite,      ...  22  per  cent. 

Grey  felsitic  rock,  ...  ...  ...  ...  27 

Granite,              ...  ...  ...  ...  ...  10 

Chrevwacke,         ...  ...  ...  ...  ...  10 

Diabase-lava,      ...  ...  ...  ...  ...  6 

Intrusive  felsite,  ...  ...  ...  ...  4 

Limestone,         ...  ...  ...  ...  ...  7 

ouaie,  ...  ...  ...  ...  ...  ...  4 

vyxiert;,  ...  ...  ...  ...  ...  ...  «7 

Quartz,  ...  ...  ...  ...  ...  1 

100 

Another  outcrop  of  conglomerate  on  the  south  slope  of  Auchin- 
eally  Hill,  two  miies  west  of  the  Afton  Water,  is  traceable  south- 
westwards  to  the  head-waters  of  the  Deugh.  One  of  the  best 
exposures  (south-east  comer  of  Sheet  14)  is  to  be  seen  on  the 
east  slope  of  Hillend  Hill,  about  a  mile  north  of  Hillend,  where 
the  lithological  characters  of  the  rock  are  similar  to  those  of  the 
Afton  Water  conglomerate  just  described.  A  fine  section  of 
highly  inclined  or  vertical  beds  of  massive  grits,  greywaokes, 
and  snales  is  also  met  with  on  the  west  slope  of  the  neignbouring 
Craignane  Hill.  The  slope  is  bare  of  drift,  and  the  observer  can 
see  to  advantage  the  massive  character  of  the  sediments.  No 
fossils  have  been  found  in  the  conglomerates  or  grits  of  the 
Afton  or  Deugh  Waters,  but  these  rocks  lie  to  the  south  of  the 
strike  of  the  thin  seams  of  black  shale  in  the  Polmorlach  and 
Polhote  Burns,  which  yield  graptolites  belonging  to  the  lower 
zones  of  the  Lower  Hartfell  black  shales. 

Again,  in  the  Carsphaim  district,  well-marked  conglomerates 
and  pebbly  grits  occupy  synclinal  folds  of  the  Moffat  series,  as, 
for  example,  on  the  Craig  of  Knockgray,  N.N.E.  of  Carsphaim, 
on  the  Caimsgarroch  Hill,  on  the  Meaul  and  Oarlins  Caim  in 
the  Kells  range,  south-west  of  the  Woodhead  Lead  Mines 
(Sheet  8).  Here  there  is  a  similar  assemblage  of  pebbles, 
though  perhaps   in   slightly   different  relative   proportions.      On 
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the  eastera  spur  of  Gaimsgarroch  Hill,  south  of  Woodhead  Lead 
Mines,  a  pebble  of  quartzite  several  inches  long,  like  that  of  the 
Perthshire  Highlands,  was  found  in  the  conglomerate.  The 
conglomerates  and  pebbly  grits  appears  to  lie  there  in  a  trough 
of  Arenig  cherts  and  Glenkiln-Hartfell  black  shales,  the 
highest  zone  represented  being  that  of  Climacograptus  eaudatus 
of  the  Lower  Hartfell  division. 

A  glance  at  the  map  that  accompanies  this  volume  will  show 
that  from  the  number  of  outcrops  of  the  Moffat  series  in  tho 
broad  track  extending  from  the  Llandovery  base-line  in  the 
northern  margin  of  the  tableland,  the  coarse  sediments  now 
under  consideration  must  be  repeated  by  innumerable  folds.  It 
is  true  that  over  a  belt  of  ground,  about  four  miles  in  width, 
between  the  Polhote  Bum  west  of  Kirkconnell  and  the  black 
shale  bands  south  of  the  Euchan  Water,  no  exposures  have  been 
detected  which  can  without  doubt  be  referred  to  the  Arenig 
cherts  or  Glenkiln  black  shales.  But  even  within  this  tract 
the  Caradoc  sediments  may  be  highly  folded,  because  along  the 
strike  of  the  strata  south-westwards  in  the  Carsphairn  district,  the 
Arenig  cherts  and  overlying  black  shales  repeatedly  come  to  the 
surface. 
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CHAPTER  XVUI. 
THE  NORTHERN  BELT— continued, 

ABEXia,    LLANDEILO,    AND    CARADOC    FORMATIONS    IN    THE    DISTRICT 
BETWEEN  THE  MERRICK   HILLS   AND  THE  PORTPATRICK 

COAST-LINR 

The  detailed  structure  of  the  region  lying  between  the  Loch 
Doon  granite  mass  and  the  Portpatrick  coast-line  is  of  consider- 
able interest  from  the  relation  which  it  bears  to  the  structure  of 
the  Ballantrae  and  Oirvan  region.  Along  the  southern  margin 
of  the  belt  between  Loch  Trool  and  the  Water  of  Luce,  anticlines 
of  the  Moffat  series  display  a  sequence  from  the  Arenig  Tolcanic 
rocks  and  overlying  cherts  to  the  Glenkiln-Hartfell  black  shales ; 
while  on  its  northern  margin,  at  Portandea  and  other  localities 
north  of  Glen  App,  a  similar  succession  from  the  Arenig  volcanic 
rocks  and  overlying  cherts  to  blue-black  mudstones  yields  a 
characteristic  assemblage  of  Olenkiln  graptolites.  Throughout 
the  intervening  area  abundant  evidence  may  be  noticed  of  the 
lateral  modification  of  the  Glenkiln-Hartf  ell  black  shales  and  of 
the  replacement  of  the  Moffat  types  of  sedimentation  by  deposits 
which  accumulated  nearer  shore. 

I.  Black  Shale  Bands  between  Lamachaii,  near  Loch  Dee,  and 

Bunragity  near  Olenliice. 

Not  far  to  the  north  of  the  line  which  has  been  drawn  as  the 
base-line  of  the  Llandovery  Bocks  of  the  Central  Belt  between 
the  river  Cree  and  the  Water  of  Luce,  a  prominent  series  of  axial 
folds  of  the  Moffat  series,  though  not  all  quite  in  the  same  line 
of  strike,  forms  a  well-marked  feature  on  the  map  between 
Curleywee  at  the  south-west  comer  of  the  Loch  Dee  granite  mass 
and  Gabsnout  in  the  valley  of  the  Luce  rtwo  miles  N.W.  from 
Glenluce) — a  distance  of  about  twenty  miles. 

Curleywee  and  Lamachan. — ^Beginning  at  the  north- 
east comer  of  the  belt,  the  observer  finds  a  great  development  of 
cherts  and  black  shales  on  the  Curleywee  and  Lamachan  Hills, 
on  the  south-west  margin  of  the  Loch  Dee  granite  mass,  where 
they  form  precipitous  crags,  which  tower  above  long  lines  of 
debris.  A  glance  at  the  Geological  Map  of  the  district  (Sheet  8), 
shows  how  the  members  of  the  Moffat  series  are  repeated  by 
innumerable  folds  till  the  outcrop  east  of  Lamachan  Hill  is 
about  half  a  mile  in  breadth.      Unfortunately,   owing  to  the 
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contact  metamorphii^m  induced  by  the  granite,  tliese  exuosureH 
are  of  little  aervice  for  zonal  classification,  as  the  fossils  have 
in  most  casesi  been  destroyed .  Few  graptolitea  have  been 
obtained  in  the  prolongation  of  this  band  south-westwards 
towards  the  .sources  of  the  Cardorkin  Bum,  south  of  the  Larg 
Hill.  IVo  small  outcrops  of  diabas&-laya  have  been  noted ;  one 
within  the  contact  zone,  on  the  precipitous  crag  about  three- 
quarters  of  a  mile  east  of  the  top  of  Lamachan  Hill,  where  a 
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Fin.  94.— Plan  of  the  StMta  in  part  of  Lagbaea  Bum,  Cardorkin, 
Kir  kcudbrightahire . 

IB.  Arenig  volcanic  rockii.  C.  lUdiolarian  chert.  2'.  Olenkiln  Shalee. 
311.  Hartfel)  Shales.  3.  Grejwncke  and  aliale  (Canidoc).  F.  Feleite 
iljke.     f.  Fault. 

narrow  baud  of  lava,  about  fifty  feet  broad,  forming  the  core  of 
an  arch,  is  succeeded  by  cherts  and  black  shales  on  the  north 
side  and  truncated  by  a  fault  on  the  south  side,  which  brings  the 
black  shales  in  contact  with  the  diabase.  The  other  exposure 
is  met  with  on  the  south  slojte  of  the  Larg  Hill,  where  it  forms 
a  small  isolated  Imimm,  which  protrudes  through  the  tuif,  but  of 
which  the  relation.s  to  the  auirounding  rocks  are  concealed.  On 
the  craf^  on  the  north-west  slope  of  Larg  Hill,  however,  several 
small  arches  show  the  i-adiolarian  cherts  m  the  cores  of  the  folds, 
succeeded  by  black  shales  which  jjass  upwards  into  flags,  shales, 
and  grits.     From  the  black  -hales  in  contact  with  the  Arenig 
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cherts,    the    following    characteristic    assemblage    of    Glenkiln 
graptolites  was  obtained: 


Didymogrcbpttu  superstes  (Lapw.) 
Coenograptus  gracUis  (Hall.) 
Lasiograptus  himucrofw^us  (Nich.) 
Diplograptus  eitglyphus  (Lapw.^ 
f ,  foliaceua  (Murch. ) 

, ,  perexcavatua  (Lapw. ) 

Or^tcgraptus  tricomis  (Carr.) 


IHceUograptua  teactans  (Hall.) 

,,  moffatensis  (Carr.) 

Dicranograptua  ramosua  (Hall.) 
,,  minifMu  (Lapw.) 

,,  formoaus  (Hopk.) 

Climacograptua  hicomU  (Hall.) 


From  the  black  shales  in  the  centre  of  the  gairy  the  forms 
given  in  the  annexed  list  were  collected  : 


Climacograptua  bicomia  (Hall.) 
DiceUograptua  aextana  ^B^ll.) 
Dxplogrxq>tuafoliaceua  (Murch.) 


Dicranograptua  ramoaua  (Hall.) 
Oryptograptua  tricomia  (Carr.) 
L^tograptua  flaccidua  (Hall. ) 


Lagbaes. — South-westwards  along  the  strike  on  the  east 
slope  of  the  valley  of  the  Cree,  several  folds  of  the  Moffat  series 
make  their  appearance;  one  at  Cardorkin  and  another  at  Lag- 
baes (four  miles  north-west  from  Newton  Stewart),  both  being 
traceable  for  some  distcuice.  Of  these,  the  one  east  of  Lagbaes 
(Figs.  94  and  95)  is  the  most  important,  as  it  reveals  Ajrenig 
diabase-lava  for  a  distance  of  400  yards  and  upwards  of  30  yards 
in  breadth,  associated  with  bright  cream-coloured  cherts  richly 
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¥io.  95.—  Section  across  Lagbaes  Burn,  Cardorkin. 
( Explaruitian  as  in  Fig.  94.) 

charged  with  radiolaria.  Black  shales  occur  in  association  witli 
the  chei'i'*,  though  not  conspicuously  developed.  About  200 
yai'ds  to  the  east  of  the  lava,  where  the  fold  is  represented  in 
black  shales,  the  following  gi*aptolites  were  collected:  Didyvw- 
(jraptus  superstes,  Dicellographis  sextans ,  Dicranograptus  ramosus 
var.  spinosuSj  Climdcograptiis,  &c.  Further  east,  at  a  point 
about  half  a  mile  south  of  Loch  Middle,  another  small  outcrop 
of  Arenig  lava  and  chert  appears  with  black  shales  on  the  south 
side  of  me  fold.  The  volcanic  rock  is  highly  decomposed,  but 
the  chert  is  seen  adhering  to  the  original  surface  of  the  lava. 
These  bands  of  the  Moffat  series,  with  the  associated  volcanic 
rocks  at  Cardorkin  and  Lagbaes,  are  traversed  by  intrusive  dyke« 
later  than  the  folding  of  the  strata,  which  are  evidently  the 
apophyses  of  the  Loch  Doon  and  Loch  Dee  gi*anite  mass. 
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Glenhapple  Moor. — Excellent  sections  of  the  Moffat 
series  are  visible  on  Glenhapple  Moor,  on  the  ridge  between  the 
Cree  and  the  Bladenoch,  about  five  miles  north-west  of  Newton- 
Stewart  (Sheet  4  of  the  Survey  Map).  From  Garwachie  north- 
wards for  a  distance  of  two  miles  across  the  moor,  a  series  of 
compound  folds  of  the  black  shales  trend  a  few  degrees  north 
of  east,  the  whole  group  being  truncated  on  the  north  side  by  a 
north-east  and  south-west  fault  which  brings  the  greywackes 
of  Caradoc  a^e  successively  in  contact  with  the  various  sub- 
divisions of  uie  Moffat  series.  The  Arenig  volcanic  rocks  are 
the  lowest  beds  met  with.  They  rise  at  two  or  three  places,  of 
which  th^.  most  important  is  about  a  mile  and  a  quarter  to  the 
E.N.E.  of  Garwachie  Farmhouse.  Here  the  volcanic  rock  can 
be  traced  for  a  distance  of  400  yards  across  the  moor ;  it  consists 
of  grey  pillowy  lava,  fine-grained  and  vesicular,  resembling  the 
usual  diabase  type  in  the  Abington  area.  On  the  north  side  it 
is  brought  into  conjunction  with  the  Caradoc  grejrwaekes  by  the 
fault  already  mentioned.  Southwards  it  is  succeeded  by  the 
radiolarian  cherts  and  by  black  shales,  of  which  the  horizon  has 
not  been  proved.  Not  iar  to  the  south-west,  the  lava  reappears 
on  another  fold,  with  the  cherts  and  black  shales  on  both  sides, 
while  to  the  south  of  this  arch  of  lava  minor  folds  of  the  black 
shales  reveal  small  exposures  of  the  cherts.  At  the  southmost  limit 
of  the  black  shales,  where  they  come  in  contact  with  the  grey- 
wackes, the  following  fossils  were  obtained :  Diplograptus  (luadr- 
rimucronaius,  Diplograptus  foliaceiis,  Leptograptus  flaccidus, 
DiceUograptus  eUgans,  Bicranograptus  Nicholsoni  with  the  wide 
angle,  Corynoides  calycularis.  It  is  probable  that  the  highest 
zone  here  represented  is  that  of  Diplograptus  quadrimucronatus 
of  the  Hartfell  division.  The  sediments  in  contact  with  these 
black  shales  consist  of  greywackes  and  grits  with  bands  of  shale. 
The  grits  weather  with  a  brown  crust,  and  contain  g&lls  and 
bands  of  blue  and  black  shales  yielding  graptolites.  This  arch 
is  traversed  by  two  dykes  of  dionte,  which  granulitise  the  cherts 
in  contact  with  them. 

Along  the  strike  about  300  yards  to  the  north-east,  the  lava 
again  appears  as  a  knob  in  a  peaty  moor,  its  relations  to  the 
surrounding  rocks  not  being  visible.  Still  further  to  the  north- 
east, black  shales  crop  out,  till,  at  Glenhapple  Farm,  on  the 
west  bank  of  the  Cree,  alternations  of  greywacKe  and  black  shales 
are  visible  on  a  glaciated  surface. 

South-west  from  Glenhapple  Moor  to  the  ruins  of  Gai*wachie 
Farmhouse,  nearly  continuous  exposures  of  cherts  and  black 
shales  rise  on  successive  folds.  On  a  prominent  knoll,  about  200 
yards  N.N.W.  of  the  loch  at  Garwachie,  a  mass  of  black  shales 
has  yielded  a  few  Hartfell  forms,  viz. :  CUmacograptits  caudatus, 
Dicellograptv^s  caduceus,  Corynoides  calycularis,  and  Diplograptus 
joliaceus.  A  short  distance  to  the  east  of  this  section,  and  about 
the  same  distance  north  of  the  loch,  the  cherts  appear,  together 
with  black  shales,  which  contain  Coenograptus  gracilis  and  Lasio^ 
graptus  himucronatus.     It  is  evident  that  in  the  Garwachie  area 
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both  the  Glenkiln  and  Hartfell  groups  are  represented.  Between 
Garwachie  and  the  river  Bladenoch,  black  shales  appear  in  knolls, 
where,  together  with  their  overlying  greywackes,  they  are  altered 
by  intrusive  diorite  dykes. 

Glassoch. — To  the  north  of  the  Garwachie  band,  another 
parallel  outcrop  of  the  Moffat  series,  about  half  a  mile  distant, 
can  be  traced  at  intervals  for  about  two  miles.  About  a  mile  to 
the  north-east  of  the  river  Bladenoch  the  broadest  outcrop  ist 
visible.  Here  the  cherts  appear,  and  the  black  shales  and 
greywackes  seem  to  fold  round  them.  At  one  point  next  the 
greywackes  the  black  shales  were  found  to  contain  Climaco* 
grajptua  cavdaius^  JDiplograptus  foUactms,  Diplograptiis  quadrirnvr 
cronatvs,  DiceUograptus  etegans^  D.  Forchhammeri,  Leptograptus 
flucddiLS.  and  Corynoides  calycula/ns.  At  another  place,  not  far  to 
the  north-«ast,  flaggy  black  shales  are  crowded  with  Diplograptvs 
foliaceus.  Probably  both  the  D.  quadrimucronatus  and  the  Clim(ic<h 
graptvs  caudatus  zones  are  here  represented. 

Qlassoch  to  Carseriggan. — ^In  the  bed  of  the  river 
Bladenoch,  and  to  the  soutn-west  of  that  stream  on  Carseriggan 
Moor,  several  exposures  of  black  shales  may  be  observed  with 
gre^ackes  and  shales  between.  The  cherts  have  not  been 
noticed  in  the  folds.  From  an  outcrop  in  the  Bladenoch  River, 
Diphgraptus  foliaceus  and  Corynoides  calycularis  were  obtained, 
and  from  another  in  the  field  at  a  bend  of  the  road,  about  a  quarter 
of  a  mile  west  of  Ford  House,  CUmacograptvs  cavdahis,  Diplograptus 
folidceuSy  Dicellograptus  elegaiis^  and  Coryncndes  calycularis  were 
collected.  About  half  a  mile  to  the  north  of  Carseriggan  Farm- 
house, where  there  are  several  outcrops  of  black  shales,  they  appear 
at  the  edge  of  a  peaty  hollow,  where  they  have  furnished  DipUH 
graptus  foliaceus,  Corynoides  calycukms,  and  Climacograpius,  In  a 
quarry  at  the  roadside  (south  side),  500  yards  E.N.E.  of  the  Black 
Burn,  cherts  and  black  shales  occur.  From  a  portion  of  these 
shales  the  following  species  of  graptolites  were  collected :  Climaco^ 
graptus  caudatus,  La&wgraptus  margaritatusj  DiceUograptus  elegams, 
Crypiograpius  tricomisj  and  Corynoides  calycularis. 

Black  Burn,  Drumabrennan. — Still  fuiHier  to  the 
south-west,  at  a  bend  in  the  Black  Bum  east  of  the  footbridge, 
and  north  of  Drumabrennan  Farmhouse,  black  shales  rise  in  tne 
midst  of  greywackes,  the  beds  dipping  to  the  south-east.  On 
the  south  bank  the  greywackee  rest  on  the  black  shales  at  the 
foot  of  a  small  escarpment,  but  a  little  to  the  south-west  the  two 
groups  are  brought  together  by  means  of  a  fault.  In  the  bed  of 
the  sti'eam,  strips  of  greywacke  alternate  with  black  shales, 
probably  as  the  res\ilt  of  folding.  In  the  centre  of  the  burn, 
close  to  the  greywackes,  a  dark,  coarse,  sandy  shale  was  found  to 
contain  Diplograptus  qwidrimucronatuSy  D.  foliaceus^  Crypiograpius 
tricornis,  Betiolites  (Neurograptus)  fibratus,  Diaranograptus  ramosus^ 
Dicellograptus  sp.,  Corynoides  calycularis,  and  Acroireta>  Nicholsoni, 
A  few  yarfs  further  down  stream,  in  the  bed  of  the  bum  on  both 
sides  of  the   ford,  flaggy  black   shales  with   flinty  bands  have 


392  The  i^Uurtan  Rocks  of  Scotlatid. 

t'umished  specimens  of  Climcbcograptus  caudatus,  0.  bicornis,  Dicrana- 
graptvs  ranwsus,  and  Corynoides  calycula/ns.  From  the  ford 
down  to  the  second  band,  a  distance  of  100  yards  or  so,  the  section 
shows  an  alternation  of  greywackes  and  black  shales.  For  500  yards 
to  the  south-west  of  the  first  section  described  north  of  Drumabren- 
nan,  the  black  shales  are  visible  at  intervals  in  the  bum  and  by  the 
roadside  as  far  as  Drumabrennan  School.  Thereafter  for  upwards  of 
a  mile  to  the  south-west  the  evidence  is  obscured  by  peat  and  drift  ; 
the  black  shales,  however,  reappear  at  the  roadside  west  of  Balmin- 
noch  Lodge.  On  the  hill  slope  south-east  of  Loch  Heron  and  the 
Black  Loch,  much-shattered  black  shales  occur  in  the  midst  of  grey- 
wackes,  and  have  stipplied  only  fragments  of  DiceUograpivs  and 
Diplograptus, 

•  Ringdoon,  Tarf  Water. — ^On  a  hill  named  the  Tul- 
merrick  Hill,  and  chiefly  on  the  north-west  slope,  mid-way 
between  Bingdoon  and  Mark  Broom  Farmhouses,  numerous 
exposures  of  black  shale  are  to  be  seen  which  display  the  radio- 
leurian  cherts  at  two  localities.  From  a  cli£E  towards  the  western 
limit  of  the  hill,  close  to  a  small  bum,  in  a  large  mass  of  black 
shale,  the  following  fossils  were  collected  :  Diphgraptvs  foliaceus^ 
ClimacograptuSy  Dicranograptvs  ramosiLS,  and  Coiynoidea  caly^ 
cularis.  Towards  the  northern  limit  of  these  exposures,  alter- 
nations of  dark  sandy  shales  and  greywackes  make  their 
appearance. 

Carsecreagh  Fel  1. — To  the  8.S.W.  of  Kingdoon,  a  great 
development  of  the  Moffat  series  measures  upwards  of  a  quarter 
of  a  mile  in  breadth.  At  a  spot  650  yards  south  of  Drumpail 
Bridge,  at  the  head  of  a  dry  gully,  a  small  exposure  of  pillowy 
lava  appears  in  the  middle  of  cherts  and  mudstones,  followed 
by  black  shales.  The  north-west  slope  of  the  hill  is  composed 
chiefly  of  cherts  and  black  shales,  and  the  north  hill-top  of 
cherts  and  mudstones.  These  mudstones,  like  the  cherts,  contain 
radiolaria,  which  project  from  the  freshly  fractured  surfaces. 
These  folded  members  of  the  MofEat  series  are  evidently  truncated 
by  a  fault  which  runs  in  a  north-east  and  south-west  direction  at 
an  oblique  angle  to  the  axes  of  the  folds  of  the  Moffat  Shales, 
thus  giving  rise  to  a  feature  that  now  forms  a  dry  hollow.  South 
of  this  feature  greywackes  and  shales  appear  without  any  repre- 
sentative of  the  Moffat  series. 

Ben  Leight. — ^The  structure  described  in  the  foregoing 
paragraph  seems  to  be  prolonged  to  the  south-west  into  Ben 
Leight,  which  rises  to  the  south  of  Loch  Strand.  The  higher 
part  of  this  hill  is  composed  of  black  shales,  cherts,  and  mud- 
stones, repeated  by  numeroas  foldvS,  the  general  dip  being  to 
the  S.S.E. 

G  a  m  r  i  e. — In  the  Camiie  Burn  (Sheets  3  and  4  of  the  Survey 
Map),  which  traverses  the  south-western  prolongations  of  the 
bands  of  black  shales  on  Ben  Leight,  and  falls  into  the  Luce  a 
mile  above  Glenluce,  the  relations  of  the  strata  are  clearly 
shown.  At  a  point  in  this  stream  where  it  flows  north  and 
south,  about  half  a  mile  N.N.W.  of  White  Cairn  Farmhouse, 
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there  aie  frequent  repetitions  of  the  chei-ts  and  black  shales,  the 
cheiiis  appearing  on  six  sepaiate  folds  within  a  distance  of  120 

Jrards.  On  the  west  bank  of  the  stream  two  fossiliferous 
ocalities  were  found  in  the  black  shales.  One  of  these  yielded 
the  following  forms :  Pleurograptus  linearis,  Leptograjjtiis  Jiaccidus, 
Diplograptus  foliaceuSj  and  Corynoides  cahjculcvris.  The  other 
locality,  about  four  feet  to  the  south,  supplied  specimens  of  Lepto- 
graptus  fiaccidus,  Diplograptus  foliacetis,  D,  quadnmucronaius, 
IHceUograptus  caduceus,  Bicellograpttis  Morrisi,  D,  elegans,  and 
Clinia<:ograpt%is  caudatus.  This  is  the  only  place  to  the  south-west 
of  the  river  Ken  from  which  Pleurograptus  linearis  has  been 
recorded.  The  cherts  underlying  the  Moffat  Shales  and  the 
succeeding  greywackes  occur  on  the  east  bank  of  the  river. 

Though  the  zonal  Glenkiln  graptolites  were  not  obtained  in 
tliis  part  of  the  Camiie  Bum,  there  can  be  little  doubt  that  they 
occur  in  these  folds.  For  along  the  strike  of  the  southmost  out- 
crop of  chert,  about  200  yards  to  the  south-west,  the  black  shales 
on  the  north  limb  of  tne  anticline,  within  two  inches  of  the 
cherts,  yielded  Dicranograptus  minimum,  A  little  farther  from  the 
cherts,  the  black  shales  were  found  to  enclose  Hartfell  forms, 
including  ClimacograpttLS  caudatus,  large  form  of  Diplograptus 
foliaceus,  Corynoides  calycularis,  and  Dicellograptus. 

About  600  yards  north  of  Honey  Pig  (Sheet  4  of  the  Survev 
Map),  the  Camrie  Quarry  exposes  cherts  and  black  shales  witn 
Diplograptus  foliaceus,  Climacograiytus  caudatus,  and  Corynoides 
calycularis.  To  the  noii;h-east,  near  the  parish  boundary,  a 
constant  reduplication  may  be  traced  across  the  strike  of  the 
Moffat  series,  including  the  cherts  and  black  shales.  These  folds 
merge  northwards  into  the  axial  fold  of  Gabsnout,  Geirviland, 
and  Drumpail.  Towards  the  south-west  they  can  be  traced  over 
Camrie  Fell  towards  the  Water  of  Luce,  where  an  exti-aordinary 
reduplication  of  cherts  and  black  shales  may  be  followed  for  a 
distance  of  half  a  mile  across  the  strike.  Some  of  the  rocks 
here  associated  with  the  cherts  resemble  fine  volcanic  ashes  or 
tuffs.  All  the  beds,  however,  are  so  much  cleaved  that  it  is 
difficult  to  prove  the  horizon  of  the  zones  by  means  of  graptolites. 

A  mile  to  the  south-east  of  Camrie,  the  radiolarian  cherts  and 
black  shales  appeal*  at  Glenhoul,  in  knolls  in  the  fields  and  at 
the  roadside.  Thev  ai^e  traceable  for  a  distance  of  about  half  a 
mile  from  Blackhill  to  a  point  not  far  north  of  Glenhoul.  No 
fossils  were  obtained  from  these  black  shales,  but  they  are 
believed  to  represent  the  Glenkiln-Hartfell  gi-oup.  The  strata 
immediately  in  contact  with  them  are  grits. 

Gabsnout,  Garviland,  and  Drumpail . — In  the 
Water  of  Luce,  at  a  point  two  miles  above  Glenluce  and  a  little 
below  the  mouth  of  Gabsnout  Bum,  likewise  in  the  latter  stream 
opposite  Gabsnout  Cottage,  black  shales  have  furnished  speci- 
mens of  graptolites  characteristic  of  the  Dicranograptus  Clingani 
zone.  Again,  in  the  Gabsnout  Bui'n,  about  250  yards  above  the 
Glenluce  road,  from  black  shales  in  contact  with  greywackes 
the  following  assemblage  of  graptolites  was  obtained : 
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LepU>gmptu8flaceidus(Ra,\l,)  f  Oryptograptus  tricomis  (Cskrr,) 

Lasiograptus  margaritatus  (Lapw.)  ;  CZimacograptus  caudatus  (Lapw. ) 

DicrcwvogrrapitM  mmo«M  (Hall. )  |  ,,  Wcomw  (Hall.) 

Diplograptu^  foliaceus  (Murch . ) 

The  greywackes  are  here  infolded  in  the  shales,  which  con- 
tain forms  characteristic  of  the  Pleurograptus  linearis  zone. 
From  this  spot  the  black  shale  bands  can  be  traced  at  intervals 
u^  stream  for  some  distance ;  at  one  locality  they  are  associated 
with  black  greywackes,  probably  representing  part  of  the  Hart- 
fell  shales. 

At  a  point  about  500  yards  up  the  Gabsnout  Bum,  cleaved 
fissile  black  shales  which  occur  alongside  of  a  stone  fence  have 
furnished  no  graptolites.  A  gap  in  the  section  intervenes,  and 
abput  100  yards  further  up  there  is  an  exposure  of  the  lava  on 
the  south  bank.  In  the  bed  of  the  bum  to  the  north  of  this 
outcrop,  mudstones  and  cherts  appear,  and  for  about  a  third  of 
a  mile  up  stream  black  shales  can  be  traced  at  intervals  on  both 
banks.  I^ear  a  bend  in  the  watercourse,  S.S.E.  of  Mid  Gleniron 
Farmhouse,  the  black  shales  have  yielded  Bicranograptus  ramosiis, 
Diphgraptus  foVuceus,  and  Gory}ioide8  calycularis.  Immediately 
to  the  east  of  this  bend,  prominent  knobs  of  coarse-erained 
dolerite  make  their  appearance.  This  rock  is  not  seen  here  in 
contact  with  other  sediments,  but  is  followed  northwai*ds  by 
debris  of  chert  and  black  shales.  A  little  higher  up,  however 
(where  Sheets  3  and  4  of  the  Survey  Map  join),  it  occurs  in  the 
midst  of  cherts  and  black  shales  in  the  form  of  knobs  on  thf" 
moor.  A  specimen  of  this  rock  (No.  7166),  taken  from  a  knob 
about  half  a  mile  W.S.W.  of  Garviland,  shows  under  the  micro- 
scope "  phenocrysts  of  altered  plagioclase  in  a  matrix  of  lath- 
shaped  plagioclase  and  ophitic  augite,  more  or  less  replaced  by 
chlorite  and  leucoxene." 

Eastwai*ds  by  Garviland  to  Drumpail  Bum  alterations  of 
gi*eywacke  and  black  shales  appear  in  knolls,  and  in  the  stream 
section,  about  400  yards  W.K. W.  of  Urumpail,  three  exposures 
of  bleck  shales  separated  by  greywackes  may  be  seen  within  100 
yards.  The  southmost  band  yields  Gryptograpius  tricomis,  Diph- 
graptiis  foliaceus,  and  Climacograpius ;  the  middle  band  gives 
Diphgraptus  qiiadrirmicroiiatus,  Biplograptus  foliaceus,  Leptograpftia 
flcLcddiis,  L.  cfLpilUtris ;  and  the  northmost  band  contains  Diplo' 
graphis  foliacetis,  Dicellograptus  moj^atensis,  Leptograptus  flacctd^iSy 
and  Glossograptns  HincksL  Black  shales  appear  along  this  line  of 
outcrop  for  a  distance  of  half  a  mile. 

Glen  Plantation  (Water  of  Luce»  Sheet  3  of  Survey 
Map). — On  the  west  side  of  the  valley  of  the  Luce  Water,  two 
miles  above  Glenluce,  and  in  the  line  of  strike  of  the  band  in 
Gabsnout  Bum,  the  black  shales  appear  in  the  stream  that  flows 
through  the  Glen  Plantation,  where  the  Lower  Hartfell  Shales 
ai'e  seen  in  contact  with  the  overlying  greywackes,  and  can  be 
followed  for  some  distance  in  a  south-west  direction.  On  the 
Challoch  Hill,  about  a  mile  east  of  Dunragit,  knolls  in  the  culti- 
vated ground  show  debris  of  black  shales,  for  the  most  part  much 
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cleaved.  About  half  a  mile  north-east  of  West  Challoch  Farm- 
house, the  debris  yielded  CryptograpUis  hncomis  and  Corynoides 
calycxdaris.  Again  black  shales  crop  out  by  the  "side  of  the 
road  leading  to  Dunragit,  from  a  point  between  West  Challoch 
and  Ballochjarffon  Bridge,  also  in  the  fields  between  this  road 
and  Challoch  Mill.  The  radiolarian  cherts  have  not  been 
observed  on  any  of  these  folds ;  the  black  shales  are  cleaved  and 
shattered,  and  graptolites  are  difficiJt  to  obtain  from  them,  but 
fragments  of  Diptograptus  and  Corynoides  were  collected. 

ii,  BlacJc  Shale  Bands  between  Qlen  Trool  and  New  Ltice, 

Glen  Trool  (Kirkcudbright,  Sheet  8  of  Survey  Map.) — ^In 
the  picturesque  valley  of  the  Trool — a  tributary  of  the  Minnoch 
Water — ^which  drains  the  wild  granite  tract  north-west  of  Loch 
Dee,  a  broad  development  of  the  Arenig  cherts  and  Mofiat  black 
shales,  like  the  outcrops  on  Curleywee  and  Lamachan  already 
referred  to,  has  been  largely  affected  by  contact  metamorphism 
produced  by  the  adjacent  granite.  An  interesting  feature  con- 
nected with  these  outcrops  is  the  marked  deflection  in  the  strike 
as  the  strata  approach  the  margin  of  the  granite.  In  the  lower 
portion  of  the  Trool  valley  the  strike  is  in  a  north-easterly  direc- 
tion, while  to  the  north  of  Loch  Trool  it  is  deflected  to  the 
N.N.E.,  along  a  line  roughly  parallel  to  the  granite  boundary. 
This  northerly  trend  is  specially  noticeable  on  the  Buchan  Hill, 
about  half  a  mile  north  of  Loch  Trool,  where  the  outcrop  of  the 
cherts  and  black  shales  is  about  half  a  mile  in  breadth.  On 
this  hill  also  the  contact  alteration  superinduced  on  these  sedi- 
ments is  conspicuous,  for  in  certain  black  shale  bands  crystals  of 
chiastolite  have  been  developed  alongside  of  graptolites  which 
have  not  been  wholly  effaced ;  the  granulitisation  of  the  cherts, 
which  is  such  a  characteristic  feature  of  the  zone  near  the  granite 
on  the  Kells  range,  is  manifest  here  also.  Even  when  we  recede 
from  the  aureole  of  metamorphism,  graptolites  are  not  readily 
obtained  from  many  of  these  outcrops  in  Glen  Trool,  owing  to 
the  movements  to  wnich  the  beds  have  been  subjected.  Evidence 
has  been  obtained,  however,  that  the  radiolanan  cherts  in  the 
Trool  valley  are  succeeded  by  black  shales,  which  yield  fossils 
belonging  to  the  Glenkiln  division  and  the  lower  sub-zones  of 
the  Hartfell  black  shales.  The  wonderful  plications  of  the 
members  of  the  Moffat  series  are  strikingly  displayed  on  the 
finely  glaciated  rock  slopes  above  the  loch  to  the  east  of  Glen 
Trool  Lodge.  There  the  arches  of  chert  appear  as  oval  or  lenti- 
cular masses  of  no  great  size  enveloped  in  corrugated  black 
shales,  thus  showing  how  a  group  of  strata,  which  at  this  point 
cannot  much  exceed  a  thickness  of  100  feet,  may,  by  reduplica- 
tion, cover  a  broad  area  at  the  surface. 

Pulnabrick  Burn. — One  of  the  best  sections  for  fossili- 
ferous  localities  is  to  be  found  in  the  Pulnabrick  Bum,  which 
rises  on  the  southern  slopes  of  the  Benan  Hill,  and  after 
traversing  many  outcrops  of  the  black  shale  series  flows  into  Loch 
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Trool,  about  a  quarter  of  a  mile  west  of  the  shooting  lodge. 
About  500  yards  up  this  stream  an  exposure  of  black  shales  has 
furnished  the  graptolites  given  in  the  annexed  list: 

Didymograptus  miperstes  (Lapw.)  Dicellograptus  sextans  (Hall.) 

Coenograptuspertenuis  (loiyw.)  ,,  Forchhammeri  (Gein.) 

, ,  su rcularis  (Hall. )  Leptograptus  Jlaccidus  (Hall. ) 

Lasiograptus  bimucroruUtbs  (Nich.)  ,    Cryptograptus  tricomis  (Carr.) 
Diplograpttis  foliaceus  fMurch.)  Coiynoides  sp. 

About  100  yards  further  up,  the  following  still  better 
assemblage  of  Glenkiln  forms  was  obtained : 

Didymograptus  superstes  (Lapw.)  LasiograpttLS  bimucronatus  (Nich.) 

Ccenographis  gracilis  (Hall.)  Diphgraptus  euglyphus  (Lapw.^ 

,,  surcularis  (Hall.)  |  „  foliaceus  (Murch.) 

,,  pertenuis  (Lapw.)  ,,  itmcroruxtus  (Hall.) 

Cryptograptva  tricomis  (Carr.)  '    DiceUograptus  sextans  (Hall.) 
Climacograptus  peltifer  (Lapw.)  ,,  moffaJbensis  (Carr.) 

Cla^thrograptuscuneiformisiJjBki^w,)  \  ,,  Forchhoimmeri  {(ieva.) 

A  few  yards  higher,  an  outcrop  of  black  shales  yielded  Dicrano- 
grapttis  rainosus,  BiplograptMS  foliaceus,  Qlossograptus  HincJcsi,  and 
Climacograptus  bicomis. 

The  course  of  Torr  Lane,  nearly  a  mile  below  Loch  Trool,  lays 
bare  numerous  exposures  of  black  shales,  some  of  which  yield 
graptolites,  as,  for  instance,  about  three-quarters  of  a  mile  to  the 
north-east  of  Stroan  shepherd's  house,  where  at  the  northern 
edge  of  the  alluvial  flat  they  have  furnished  Dicranograptv^  ramosuSf 
CliTnacograpt^i'S  bicomis,  Dicellograptus  sp.,  Biplograptu^  sp.,  and 
Coryrwides, 

One  section  to  which  passing  reference  may  be  made  displays 
greywacke  in  contact  with,  and  apparently  interleaved  in  chert 
on  the  hill  slope  about  two-thirds  of  a  mile  north-east  of  Stroan, 
opposite  the  road  leading  to  Caldons,  and  about  250  yards  from 
the  Glen  Trool  road.  Here  on  several  well  glaciated  surfaces, 
traceable  at  intervals  for  150  yards,  the  normal  radiolarian  chert 
seems  to  pass  upwards  into  grey  gieywacke  and  grit  without  the  . 
intervention  of  a  fault,  and  at  one  place  on  the  top  of  the  ridge 
the  two  are  interbanded.  On  the  north  side  of  the  arch  the 
cheits  are  succeeded  by  black  shales. 

In  the  Minnoch  Water  near  Glencaird  and  High  Minniwick, 
and  also  in  the  river  Cree  south  of  Bai*grennan  Church,  the 
black  shales  appear  on  numerous  axial  folds.  At  these  localities, 
and  also  in  Glen  Trool,  the  Mofiat  series  passes  upwards  into 
sandy  shales,  greywackes,  and  grits. 

Kirkhoble,  Glenruther,  Waterside  (Sheet  8  of 
Survey  Map). — ^Between  Kirkhoble  on  the  Cree,  and  Waterside 
on  the  river  Bladenoch,  a  more  or  less  continuous  series  of  out- 
crops of  the  Moffat  series  reveals  the  Arenig  clieits  and  Glenkiln- 
Hartfell  black  shales.  About  a  mile  east  of  Glenruther  Farm- 
house a  small  exposure  of  Arenig  lava  may  be  seen,  and  on  the 
moorland,    about    300    yards    fuither    north,    greywackes    and 
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grits  are  ai>pareiitly  interleaved  in  the  cherts,  while  green  mud- 
stones  and  greywackes  are  interposed  between  the  cherts  and 
black  shales.  Along  the  trend  of  this  band  south-west  from 
Glenruther,  several  imperfect  outcrops  of  shattered  black  shales 
appear  on  the  roadside  between  Knowe  School  and  Waterside. 

Tannyl  aggie,  River  Bladenoch. — To  the  west  of 
Bladenocn,  for  a  distance  of  500  yards  across  the  strike,  a  con- 
stant repetition  of  chei'ts,  black  shales,  and  greywackes  comes  to 
the  surface.  In  the  southmost  large  outcrop  of  black  shales, 
evidence  was  obtained  of  the  occurrence  of  the  Lower  Hai"tfell 
black  shales  600  yards  south  of  Tannylaggie  Farmhouse,  and  250 
yards  east  of  the  sheep-ree  marked  on  the  six-inch  map.  Here, 
on  the  moor,  among  greywackes,  a  band  of  platy  sandy  black 
shales  is  charged  with  the  following  graptolites :  Climacograptus 
caudatuSj  C.  bicorni^  Dicelhgraptus  elegans,  B,  cadiiceus,  Diplo- 
grapius  foliaceiis,  and  Dicranograptjis  ra/mosus.  In  the  hard  flinty 
bands  specimens  of  Dicellograptus  sextans  occur. 

Towards  the  south,  overlying  this  fold  of  Hartfell  black  shales, 
grey  shales  with  dark  strains  are  followed  by  rusty  greywackes 
(irregularly  jointed)  with  partings  of  grey  and  blue  micaceous  shales. 
Northwards,  the  radiolarian  cherts  appear  on  two  folds  of  the 
Moffat  series  near  the  sheep-ree.  From  the  arch  nearest  the 
sheep-ree  the  following  Glenkiln  fossils  were  obtained :  Didy" 
mograptus  superstes,  Ccenograptus  gracilis,  Dicellograptus  sextans, 
GliTnacogrdptus  peltifer,  C.  hicomis,  Dicellograptus  patulosus,  D. 
Forchharmneri,  D,  moffatensis,  Leptograptus  fluccidu^,  Dicrano- 
graptus  ramosus,  Diphgraptus  foliaeeus,  Lasiograptvs  bimv^onatvs, 
and  Corynoides  calycula/ris.  This  list  makes  it  probable  that  a 
portion  of  the  lowest  Hartfell  black  shale  may  occur  here  together 
with  the  Glenkiln  Shales. 

From  the  sheep-ree  northwards  for  a  distance  of  over  800  yards, 
the  i*adiolarian  cherts  and  associated  sediments  crop  out  in 
numerous  exposures.  A  remarkable  feature  of  these  outcrops 
is  the  constant  association  of  greywackes  with  the  cherts  in  such 
a  way  as  to  suggest  that  the  two  types  of  rock  are  regularly  inter- 
bedded.  This  feature  is  not  confined  to  the  Tannylaggie  area; 
it  also  occurs  in  sections  further  to  the  south-west  and  to  the 
north-east  in  Sheet  8,  as  already  described  (p.  396).  The 
ground  plan  in  Fig.  96  shows  the  relations  of  the  rocks  visible 
in  knolls  near  Shepherd's  Cairn,  350  yards  south-west  of  Tanny- 
laggie Farmhouse.  The  greywackes  occur  three  times  between 
successive  exposures  of  the  cherts  as  the  section  is  followed 
southwarfs  from  the  black  shale  outcrop.  The  northmost 
exposure  of  chert,  which  is  only  about  a  foot  wide,  is  flanked 
cm  the  north  by  black  shales  yielding  Glenkiln  graptolites,  while 
greywackes  are  visible  on  the  south  side.  This  thin  layer  of 
chert  has  the  normal  characters  of  the  radiolarian  zone,  being 
charged  with  recognisable  radiolaria,  and  possessing  a  grey  tint 
with  conchoidal  fracture.  The  same  features  characterise  the 
central  band  of  chert,  which  is  about  seven  feet  wide,  and 
presents  the  nodular  character  well  developed. 
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The  band  of  black  shale  to  the  north  of  the  uorthmost  band  of 
chert  consists  of  alternations  of  black  shales,  black  flinty  ribs,  and 
shalr  greywacke  bands  or  flargy  shales.  The  latter  seem  to  be 
regvilarly  intercalated  in  the  black  shales.  A  thin  film  of  black 
shale  ^about  one  inch  thick),  about  sixteen  inches  from  the  edge 
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SCALE. 
Fill.  98.— PUn  of  the  Glenkiln  Strata  and  Badiolarian  Cherto  with  Inter- 
bedded  Grita,  in  Knoll  near  Shepherd's  Cairn,  about  360  yjrda  S.  W.  of 
Tannylaggie  House,  Wigtownshire  (Sheet  8  of  Surrey  Map). 
C.  lUdiolarian  cherts.      Qw.    Orejwacke.      21    Glenkiln  Shalw. 
+    +  Localities  where  Qlenkihi  graptolitea  were  obtained. 

of  the  chert,  yielded  in  abundance  characteristic  graptolites  of 
the  Glenkiln  Shales  (C-miograptuB  gracUit,  Didyinogi-apius  tupersten, 
and  Dicranograptue  minim>is).  The  Hartfell  black  shales 
are  not  visible  in  this  section,  the  strata  being  concealed  along 
the  line  of  hollow  to  the  north-west.  It  is  probable  that  the 
Glenkiln  black  shales  may  here  be  repeated  by  folding.  North 
of  this  hollow  greywackes  and  shales  immediately  succeed,  which 
are  probably  of  Caradoc  age.  About  100  yards  furtlier  north  a 
small  fold  of  black  shales  appears  in  the  midst  of  greywackes. 

For  nearly  a  mile  to  the  soutli-west  of  these  exposures  at 
Tannylaggie,  the  rocks  are  concealed  W  drift  and  peat.  On 
a  knoll  in  the  moss,  about  half  a  mile  E.jX.E.  of  Dimeark,  black 
shales  in  the  midst  of  greywackes  have  jdelded  Diplograptui 
foliaceus,  CUmacograptut  btcornis,  and  LeptograpUia  fiacciaua. 

Dirneark. — In  the  knolls  at  Dimeark  Farmhouse  (Sheet  4 
of  the  Surrey  Map),  and  in  the  Black  Bum,  immediately  to  the 
east  of  the  house,  the  relations  of  the  cherts  to  the  black  shales 
are  well  displayed.  Here  also  it  is  observable  that  grit«  or 
greywackes  are  interposed  between  the  cherts  and  black  shales. 
In  the  Black  Bum,  200  yards  E.N.E.  of  Dimeark  Farmhouse, 
grits  occur  on  both  sides  of  a  core  of  grey  cherts,  followed  by 
black  shales  on  both  sides  of  the  arch.  From  the  black  shales 
on  the  south  limb  the  following  fossils  were  obtained :  Ccenograptut 
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gracilis y  G.  pertenuisy  Dicellograjptus  sextans,  JJicellograptus  sp., 
JHphgraptus  foliac&iis,  Cryptograptus  tricomisj  and  Climacograpiva 
hieomis.  One  of  the  bands  on  the  north  limb  of  the  fold  was 
crowded  with  dznograptus  gracilis. 

It  thus  appeai^s  that  in  this  fold  the  radiolarian  cherts  are 
overlain  by  greywackes,  which  are  in  turn  overlain  by  black 
shales  witL  zonal  Glenkiln  forms.  It  is  not  improbable  that 
some  member  of  the  basal  Hartfell  black  shales  may  occur  in 
the  north  limb  of  the  arch,  though  none  of  the  zonal  fossils  has 
been  obtained.  The  beds  in  the  arch  are  isoclinally  folded,  the 
dip  beiuK  to  the  S.S.E.  at  high  angles.  The  black  snales  belong- 
ing to  the  Glenkiln  group  exposed  in  this  arch  in  the  Black 
Bum  are  flaggy  and  sandy  witn  dark  flinty  bands. 

Confirmatory  evidence  of  the  intercalation  of  greywackes  in 
the  cherts  is  to  be  found  on  a  knoll,  a  few  yards  to  the  south 
of  the  ruins  of  Dimeark.  There  the  greywackes  are  intercalated 
between  the  bands  of  cherts,  and  a  thin  layer  of  greywacke 
separates  the  northmost  band  of  chert,  about  a  foot  thick,  from 
the  overlying  black  shales.  In  this  instance  also  the  black  shales 
which  immediately  succeed  the  greywacke  yield  zonal  Glenkiln 
forms.  Westwards  (W.S.W.)  from  the  ruins  at  a  distance  of  400 
yards,  the  Moffat  series  is  to  be  seen  in  a  peaty  hollow,  exposed 
in  knolls  in  the  midst  of  the  peat  and  along  the  margin  of  the 
moss.  Here  also  the  volcanic  rocks  occur.  In  a  knoll  in  the 
middle  of  the  peat  pillowy  grey,  compact,  and  vesicular  lava  is 
exposed  in  an  outcrop  measuring  20  yards  in  length,  bounded 
on  the  south  side  by  red  mudstones  and  cherts.  The  succeeding 
strata  are  buried  under  peat ;  another  knoll,  however,  40  yards 
to  the  west,  exhibits  an  arch  which  shows  a  core  of  grey  cherts, 
followed  southwards  by  grits  and  shales,  which  are  in  turn  over- 
lain by  black  shales,  yielding  Ccsnograptus  pertenuis. 

To  the  north-east  of  the  arch  of  volcanic  rocks,  the  cherts  are 
visible  in  a  drain  in  the  peat  moss,  while  to  the  south-east  of  the 
same  arch,  at  the  margin  of  the  moss,  a  large  exposure  of  much 
crushed  black  shales  may  be  seen.  Greywackes  occur  to  the 
north  and  south  of  the  hollow.  It  is  evident  that  these 
exposures  form  a  series  of  compound  folds.  This  conclusion  is 
confirmed  by  the  occurrence  of  the  cherts  and  black  shales  along 
several  lines  to  the  south-west,  to  the  north  of  Eldrig  Loch, 
where  they  pass  underneath  the  peat.  For  about  a  mile  further 
to  the  south-west  the  evidence  is  concealed,  but  the  Tarff  Water 
has  laid  bare  the  black  shales,  alternating  with  greywackes  and 
shales,  which  have  furnished  specimens  of  Ccsnograptus  gracilis. 
Beyond  this  section  in  a  soutn-westerly  direction  the  evidence 
is  concealed  by  drift  and  peat  for  some  distance,  as  far  as  the 
Cross  Water  of  Luce. 

Main  Water  of  Luce. — ^In  the  basin  of  the  Water  of 
Luce,  important  lithological  modifications  of  the  Glenkiln-Hart- 
fell  Shales  are  traceable,  for  both  in  this  stream  and  in  its 
tributary — ^the  Cross  Water  of  Luce — ^the  black  shales  containing 
typical  Glenkiln  forms  are  no  longer  represented  \)y  sf^ixaents 
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of  the  Moffat  tjrpe,  and  the  basal  zones  of  the  Hartfell  group  are 
represented  by  grey  shales  with  black  strains  or  seams  and  blue- 
black  mudstones. 

"We  shall  take  first  the  section  in  the  Main  Water  of  Luce 
which  l>egins  north  of  Kilfeather  Loup,  about  two  miles  north 
of  New  Luce,  and  extends  for  a  distance  of  130  yards  down 
stream.  At  the  north  end  little  streaks  of  black  shale  appear  in 
crushed  grey  shales,  and  from  one  of  these  bands  of  blue-black 
shaly  mudstones  (two  yards  broad)  the  subjoined  list  of  fossils 
was  collected : 


Dicranograptus  minimus  (Lapw.) 

,,  ramosus  (Hau.) 

DicellograpiAis  aextoms  (Hall.) 
Oryptograptua  tricomis  (Carr.) 
Climacograpt'us  tridentatus  (Lapw.) 


Climacograptus  Schdrenbergi  (Lapw.) 

,,  hicomis  (Hall.) 

Glosaograptus  Hinckti  (Hopk.) 
(hrynindes  calycula/ria  (Nich.^ 
Siphanotreta  mxcvla  (M*Coy.) 


These  strata  occupy  the  stream  for  "Z\  yards,  dipping  to  the 
N.N.W.  in  isoclinal  folds.  On  the  furtner  side  of  them  an 
excellent  outcrop  of  black  shales  covers  a  space  of  from  15  to  20 
yards  of  the  section  and  forms  a  waterfall.  Many  of  the  folds 
in  this  exposure  are  normal,  but  the  radiolarian  cherts  are  not 
visible  in  the  centre  of  the  outcrop.  Two  thin  bands  of  fireclay 
are  associated  with  the  black  shales;  the  latter  are  massive  and 
flaggy  and  quite  different  in  character  from  the  normal  Moffat 
type,  with  black  cherty  ribs  and  partings  of  sooty  shales.  The 
following  forms,  generally  in  excellent  preservation,  and  some 
in  great  profusion,  were  obtained  from  this  exposure : 


Didymograptus  ayperstes  (Lapw.) 
Cke^nograptus  gracUia  (Hall.)  in  pro- 
fusion. 
,,  pertenxm  (Lapw.) 

Lasiograptus  bimucronatus  (Nich.) 
Diplograptus  euglyphvs  (Lapw.) 
,,  foliaceus  (Murch.) 

Dicranograptus  minimus  (Lapw.) 

formosus  (Hopk.) 


Dicranograptus  ramosus  (Hall.) 
Dicellograptus  sextans  (Hall.) 

patuUmis  (Lapw.) 
Forchham^meri      var. 

flexuosus  (Lapw.) 
moffatensis  (Carr.) 
Clim€tcograptus  bicomis  (Hall.) 
Gryptograptus  tricomis  (Carr.) 
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Five  yards  of  the  section  immediately  to  the  south  are  occupied 
by  greywackes  and  shales,  but  further  down  the  Glenkiln  Shales 
reappear  much  crushed  and  broken.  After  a  blank  in  the 
section  for  a  distance  of  nine  yards,  grey  sandy  shales  with  black 
stmns  appear,  and  are  repeated  by  folding  for  a  distance  of 
thirty  yards.  Within  this  space  the  Glenkiln  Shales  are  met 
witli  at  least  four  times  on  separate  folds.  The  southmost 
exposure  of  these  shales  yield  graptolites  in  good  preservation, 
the  following  forms  among  others  having  been  recorded: 


Didymograptus  superdes  (Lapw.) 
Cosnograptus  gracilis  (Hall.) 
,,  surcularis  (Hall.) 


Dicellograptus  sextans  (Hall.) 

, ,  patvJosus  (Lapw. ) 

Dicranograptus  ramosus  (Hall.) 


The  overlying  series  of  grey  shales  with  black  strains  occupies 
the  stream  section  southwards  for  a  distance  of  a  quai*ter  of  a 
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mile,  the  beds  being  occasionally  associated  with  greywackes  and 
grits.     The  black  seams  peld  fragments  of  graptolites. 

Cross  Water  of  Luc e. — In  this  stream,  which  lies  to 
the  east  of  the  Main  Water,  evidence  is  obtained  of  the  occur-r 
rence  of  Glenkiln  Shales  of  the  type  just  described,  associated 
with  grey  shales  and  black  seams  yielding  fossils  of  a  higher 
zone.  About  two  miles  to  the  north  of  ^ew  Luce,  north  of  a 
j)rominent  bend  in  the  Cross  Water  of  Luce,  west  of  Dougaries* 
Farmhouse,  grej^wackes  and  grits  appear  in  the  stream,  while 
at  the  bend  itself  dark  blue  micaceous  shales  are  met  with  whicli- 
yield  large  specimens  of  Diplograptus  foliaceus,  Clirruicogra'ptus 
hicomiSf  Cryjitograptus  tricomis,  and  DiceUograjytus,  A  few  yards 
down  stream  the  following  graptolites  were  got  in  a  thin  band  of 
black  shales : 

DtceUograpttia  sextans  (TLaW.)  '    Climaaxfraptus  bicanm  (HhII.) 

,,  sp.  Gryptograptus  tricornis  (C&rr,) 

Diplogi-aptus  foliaceus  (Mxirch.)  '    Dicranograptus  rmnosiis  (R&W.) 

A  few  yards  lower,  massive  flaggy  black  shales  have  supplied 
the  following  characteristic  Glenkiln  assemblage : 

QjtnograpUts  pertenuis  (Lapw . )  DiceUograptuH  sexta  n8  (Hall. ) 
IHplogrciptus  etiglyphus  (La,yw.)  ,,  Forchhammeri        var. 

,,  /oitacetM  (Murch.)  /exwoatw  (Lapw.) 

Laaiograptus  bimucronaiua  (Nich.)  ,,  inoffatensis  (Carr.) 

DicranograpUis  ramosus  (Hall.)  Climacographis  btcomw  (Hall.) 

,,  formoaus  (Hopk.)  Oryptograptua  hncornis  (Carr.) 

A  blank  in  the  section  occurs  at  this  point,  but  at  the  old 
bridge  greywackes  appear. 

From  the  evidence  of  this  section  we  may  conclude  that  the 
grey  shales  with  black  strains  that  enclose  graptolites  common 
to  both  the  Glenkiln  and  Hartfell  divisions  probably  represent 
the  basal  portion  of  the  Hartfell  group  in  this  region,  or  at  least 
the  passage  beds  between  these  two  divisions,  and  further,  that 
to  the  south  of  the  Kilfeather  bands  of  Glenkiln  Shales  in  the 
Luce  Water,  the  coarser  sediments  Ij^ng  in  isoclinal  folds 
between  Kilfeather  and  Gubsnout  are  mainly  if  not  wholly  of 
Caradoc  age. 

PORTPATRICK  DISTRICT. 

Bla^k  SJiale  Bands  of  Morroch  Bay,  Colfin,  and  Gnrihlamd, 

M  o  r r  0  c  h  B  ay. — The  clear  and  well-nigh  continuous  coast 
section  south  of  Corsewall  Point,  in  Wigtownshire  (Sheet  3  of 
Survey  Map),  presents  at  one  locality  an  admirable  development 
of  the^  Arenig  cherts  and  Glenkiln- Hartfell  black  shales.  These 
strata  ai*e  specially  displayed  in  Morroch  Bay  about  a  mile  and 
a  half  south  of  Portpatrick.  In  point  of  clear  exposures  of  the 
various  zones  and  fine  preservation  of  the  zonal  forms  of  grap- 
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tolitos,  this  is  one  of  the  moat  important  sections  of  the  Moffat 
seriea  in  the  south-west  of  Scotland. 

The  heach  of  Morroch  Bay  between  the  limits  of  high  and  low 
tide,  though  in  places  covered  with  shingle,  shows  a  more  or  less 
continuous  section  of  the  Moffat  series  for  a  distance  of  a  quarter 
of  a  mile  across  the  strike.  Its  breadth  at  low  tide  measures 
from  100  to  150  yards.  It  thus  furnishes  special  opportunities 
for  following  the  sub-zones  along  the  strike.     A  narrow  strip  of 


Pw.  97.— PIm  of  Strata  in  Morroch  Bay,  Wigtownshire. 
1.  Volcanic  mudstone  and  tuff(Arenig).      C.  Radiolarian  chert.      2'-  Glen- 
kiln  Shales.     3U.  Hartfell  Sbulea.     3.  Greywacke,  mudstone,  and  shale 
(Caiadoc).    F.  Porphyritedykea.    f.  Fault.     -^  Fifty-foot  raised  beach. 

raised  beach,  from  30  to  90  yards  broad,  skirts  the  present  beach. 
Inland  the  old  cliff  line  rises  to  a  height  of  100  or  150  feet,  and 
likewise  furnishes  a  mare  or  less  continuous  section  of  the  strata. 
At  the  southern  headland  of  the  bay,  a  prominent  clifE  consists 
of  gre^  sandy  micaceous  shales,  mudstones  like  the  type  of  the 
Barren  Mudstones  of  Moffat,  and  greywackes  with  calcareous 
nodules,  the  greywackes  measuring  from  one  to  three  feet  thick. 
These  strata  dip  to  the  S.S.E.  at  high  angles.  A  fault  skirts  the 
baoe  of  this  cliff,  and  a  thin  black  shale  occurs  near  it,  the 
horizon  of  which  haa  not  been  proved.     A  few  yards  from  the 


neXoMe,;,  Bell^Arr,,!,/.  l.latulrili,.  Corerfoe  fforf,.. 


404 


Tho  Silurinv  Itocls  of  , "Scotia nri. 


cliif,  and  close  to  a  stone  fence  that  skirts  the  southern,  terniina- 
tion  of  the  liaised  beach,  a  small  exposure  (about  three  feet 
across)  of  Glenkiln  Shales  with  radiolarian  cherts  displays  black 
flinty  ribs  with  thin  sooty  partings  or  layei's  of  black  shales 
(2\  Kg.  98),  from  which  the  following  fossils  have  been  collected  : 


Cotnograptu^  gracilis  (Hall.) 

,,  pertenuia  (JjA^w.) 

Cryptograptus  tricornis  (Carr.) 
Climacograptus  peltifer  (Lapw.) 
DiplograpUis  euglyphim  (Lapw.) 


Diplograptus  fvlicLceu^  (Murch  ) 
Dicellograptus  moffat^nsis  (Carr. ) 
, ,  aextmis  (Hall ) 

,,  in^or^tw  (Lapw.) 


Greywackes  occur  a  few  feet  to  the  north  (3,  Fig.  98),  followed 
by  greenish  mudstones  stained  red  in  places,  below  high  tide 
mark.  Next  comes  a  ridge  of  black  shales  (2^  Fig.  98),  highly 
contorted  and  bounded  on  both  sides  by  faults  which  bring  them 
in  contact  with  green  ashj'^  mudstones.  This  exposure  presents 
the  characters  of  the  Moffat  type  of  the  Glenkiln  Shales,  with 
black  flinty  ribs  from  one  to  four  and  six  inches  thick,  alter- 
nating with  genuine  black  shales.  It  has  yielded  the  following 
list  of  characteristic  Glenkiln  fossils : 


Didxpnograptua  nuperstes  (I^pw.) 
Catnogitiptus  gracUis  (Hall.) 

nitid'ulus  (Lapw.) 
pertenuis  (Lapw.) 
aurcnlaris  (Hall.) 
Ixmograptu^  binuicronatus  (Nich.) 
Diplographis  euglyphus  (Lapw.) 
, ,  foliacens  (Murch. ) 

, ,  (Hallograptus)    mucro- 

Tuxtus  (HalL) 
Climacograptus  bicomis  (Hall.) 
,,  peltifer  (Lapw.) 

Oryptograptus  tricornis  (Carr.) 
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Dicrnnogrnptus  zic-zac  (Lapw.) 

, ,  formosus  (Hopk . ) 

ramosiis  (Hall. ) 
rectus  (Hopk.) 
Dicellograptns  Forchhammeri  (Gein.) 
patulosus  (Lapw.) 
sextans  (Hall.) 
1  nfor^H*  (Lapw.) 
elegant  Ci)  (C&TT.) 
Leptograptus  fla4xidus  (Hall.) 
Glossograptus  Hinchn  (Hopk.) 
Sponge. 


North  of  these  black  shales  a  succession  of  green  mudstones 
occupies  the  beach  for  a  distance  of  six  yards,  when  another 
exposure  of  black  shales  is  met  with,  yielding  Hartfell  forms 
(3  ,  Fig.  98).  This  exposure,  which  is  about  40  yards  down  the 
beach  from  the  cottage  at  the  south  side  of  Morroch  Bay, 
gradually  thins  out  seawards,  is  about  six  feet  broad,  and 
contains  outliers  of  grit.  This  lenticular  patch  is  apparently 
truncated  by  faults  on  both  sides,  which  bring  the  black  shales 
in  contact  with  green  mudstones.  These  shales  have  furnished 
Biphgraptus  quadrimucronatus,  Leptograptus  flacddiis,  and  Diplo- 
graptus  foliaceus  in  abundance,  Dicellograpti  in  abundance  on  one 
slab,  Corynoides  calycularis,  Climacograptus  bicomis,  peculiar 
variety,  and  Dicellograptus  Forchhammeri.  This  assemblage  proves 
that  the  shales  belong  to  the  Lower  Hartfell  group,  and  probablj^ 
to  a  high  sub-zone  of  that  subdivision  of  the  Mofiat  series. 

Nortliwards  the  green  mudstones  (C,  in  Fig.  98)  may  be 
followed  a9  far  as  the  cottage  at  the  south  end  of  the  bay,  where 
they  are  succeeded  by  red  mudstones.  The  latter  are  pierced  by 
an  intrusive  mass  of  igneous  rock,  which  sends  brancning  veins 
into  them  (Fig   98).     Further  north  they  are  followed  by  grey 
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radiolarian  cherts  aud  mudstouei^,  well  seen  on  the  beach  and 
dipping  E.S.E.  at  high  angles.  The  hard  ribs  of  radiolarian 
chert  project  above  the  general  surface  of  the  interleaved  mud- 
stones.  These  are  succeeded  in  turn  by  the  Glenkiln  black 
shales,  and  at  the  junction  the  cherts  alternate  with  thin  black 
shales,  the  latter  yielding  a  minute  Climacograptus,  The  space 
occupied  by  the  green  and  red  mudstones  and  the  radiolarian 
cherts  and  mudstones  from  the  exposure  of  Hartfell  black  shales 
to  the  Glenkiln  black  shales  is  about  54  yards. 

The  Glenkiln  black  shales  (2*,  Fig.  98)  to  the  north  of  the  mass 
of  cherts  and  mudstones  have  the  normal  characters  of  the 
Moffat  type,  inasmuch  as  they  consist  of  alternations  of  black 
cherty  ribs  and  black  shales,  followed  by  black  shales.  They 
have  yieldetl  the  following  assemblage  of  fossils : 


Didymograptus  super stea  (Lapw.) 
Dicranograptus  zic-zac  (Lapw.) 
Huzmnograptu^  ncoticus  (lipw.) 
Cctnograptus  nitidxdus  (Lapw.) 
Diplograptus  euglyphus  (Lapw.) 
,,  ^oliac^us  (Murch.) 


Diplograptus  perexcavatus  (Lapw.) 
Gryptograptus  tricomis  (Carr.) 
Laiiograptus. 
Dicellograptus  sextans  (HalL) 

, ,  patnlosus  (Lapw. ) 


This  important  development  of  the  Glenkiln  Shales,  occupying 
the  coast  section  for  21  yards,  is  traversed  by  faults  and  dykes. 
It  is  followed  northwards  by  the  green  ashy  mudstones  and 
cherts,  about  14^  yards  broad,  to  the  edge  of  a  massive  dyke  (No. 
2),  about  12  yards  in  breadth,  which  pierces  the  black  shales 
and  mudstones  (Fig.  98).  The  black  shales  (2\  Fig.  98)  again 
appear  along  part  of  the  south  side  of  this  dyke.  They  are 
separated  from  the  green  ashy  mudstones  by  a  fault  trending 
south.  From  the  black  shales  close  to  dyke  ^To.  2  the  following 
species  of  fossils  have  been  collected : 


Didj/inograptus  superstes  (Lapw.) 
Ccenograptus  griicUis  (Hall.) 

„  nitidtdus  (Lapw.) 

Diplograptus  eugUfphus  (Lapw.) 
foliaeeus  (Murch. ) 


Diplograptus  perexcavatus  (Lapw.) 
Or\jpt<fgraptMs  triconiis  (Carr.) 
Dicranograptus  zic-zac  (Lapw.) 
AcrotheU  granulata  (Linnr.) 


Northwards  these  black  shales  extend  for  a  distance  of  40 
yards,  until  they  are  followed  bv  another  small  exposure  of  the 
cherts,  bounded"  on  both  sides  by  faults.  A  few  yards  to  the 
south  of  these  cherts,  a  layer  in  the  black  shales  contains  Cory- 
noides  calycidaris  in  profusion,  which  may  belong  to  the  Lower 
Hartfell  group.  About  four  yards  to  the  north  of  this  small 
development  of  the  chei*ts,  an  exposure  of  Hartfell  black  shales 
displays  such  an  abundance  of  specimens  of  Glossograptus  Hinchsi 
that  if  has  been  named  the  Ghssofjrajdus  Hincksi  Band. 

Glossograptus  Hincksi  (Hopk.),  Diplograptus  foliaceus  (Murch.) 

abundant.  Ciimacogi'aptm  tubuliferus  (Lapw.) 

Dirranograptus  ranwsus  (Hall.)  ,,              tricomis  (Hall.) 

Nicholsoni  {Hoiik.)  ,,              fric^ntottw  (Lapw.) 

,,                 ,,  wide-aDgled  var.  Ac ruihclc  granulata  (Jjmat.) 

.  Cryfdograptus  tricomis  (Garr.)  1 
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Another  band  in  this  mass  of  Hartf ell  black  shales  yielded  : 

Glossagraptus  Hincksi  (Hopk.)  LHceUograptus  Farchhammeri  (Grein.) 
Lctaioffraptus  Harknessi  (i)  {^ich.)  ,,  Jlexuoaus  (Laj^w,) 

Cryptograptus  tricomis  (Carr.)  ,,  moffaiensis  (Carr.) 

Diploffraptus  folia>ceus  (Murch.)  ,,  small  variety,  in  large 

Climacograptus  bicamis  (Hall.)  numbers. 

i>icrcmof]rrapf tM  t-amoiTiw  (Hall.) 

Northwards  the  black  shales  are  traversed  by  a  third  massive 
dyke,  about  nine  yards  across,  the  distance  between  dykes  No.  2 
and  No.  3  being  about  64  yards  (Figs.  97  and  98) .  To  the  north 
of  No.  3  the  shore  is  occupied  by  black  shales  for  a  distance  of  43 
yards,  the  radiolarian  cherts  coming  to  the  surface  on  several 
small  folds.  At  this  point  in  the  coast  section  the  MoSat  Shales 
are  truncated  by  a  fault  trending  to  the  north.  Folded  Glenkiln 
Shales  succeed  on  the  north  side  of  this  fault,  while  further 
north,  nearly  opposite  the  point  where  an  ivy-covered  wall 
crosses  the  raised  beach  fi*om  the  old  sea  cliS,  greywackes  are 
infolded  in  the  Hartfell  black  shales.  Here  the  greywackes  lie 
in  narrow  synclinal  folds,  as  shown  in  Fig.  97.  From  the  black 
shales  in  contact  with  the  greywackes  at  this  locality  (3, 3",  Fig.  98) 
the  following  fossils  were  obtained :  Biplograptus  quadrimucronatus, 
B.  foliaceiLS,  Dicellograptus,  Leptograptus  fiaccidus  (in  abundance), 
.BetioUtes  (Neurograptus)  jibratus,  and  Corgnoides  calycularis.  This 
layer  appears  to  be  on  the  horizon  of  the  Diplograpttis  quadrir- 
vmioronatv^  zone,  at  the  extreme  north  end  of  the  bay. 

Northwards,  beyond  a  fourth  prominent  intrusive  dyke  that 
pierces  the  Moffat  series  on  the  beach  (Fig.  98),  a  series  of  sharp 
isoclinal  folds  repeats  the  members  of  the  Moffat  series  and  the 
overlying  greywackes.  In  the  midst  of  these  folds  small 
exposures  of  the  cherts  show  that  an  ascending  series  may  be 
traced  here  from  the  radiolarian  cherts  through  the  Glenkiln- 
Hartfell  Shales  to  the  greywackes. 

This  belt  is  abruptly  truncated  northwards  by  a  fault  which 
brings  the  greywackes  and  black  shales  to  the  south  in  contact 
with  the  radiolarian  cherts  to  the  north.  Hei*e,  again,  a  broad 
development  of  the  radiolarian  cherts — ^upwards  of  52  feet  across 
— spreads  over  the  beach,  followed  by  an  exposui'e  of  Glenkiln 
black  shales,  from  which  the  following  fossils  have  been 
collected : 

Thamnograptus  scoticus  (Lapw.)  Oloasograptus  Hincksi  (Hopk.) 

Oryptograptus  tricomis  (Carr.)  Climacograptus  hicomis  (Hall.) 

Lasiograptus  himucronoitus  (Nich.)  Dicellograptus  sextans  (Hall.) 

Diplograptus  foUoAtus  (Murch . )  Leptograptus  fiaccidus  (Hall. ) 

These  beds  are  abruptly  truncated  by  a  fault  ti^nding  to  the 
south.  The  outcrop  of  radiolarian  cherts  and  black  shales  lies 
to  the  west  of  the  northmost  cottage  in  the  bay. 

We  have  now  reached  an  important  part  of  the  section  in 
Morroch  Bay,  where  the  Hartfell  black  shales  and  the  overlying 
giits  (3",  3,  Fig.  98)  are  repeated  by  numerous  sharp  isoclinal 
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folds  that  dip  southwards.  Excellent  opportunities  are  afforded 
of  proving  the  horizon  of  the  black  shale  sub-zone  in  contact  with 
the  greywackes.  The  assemblage  ol  graptolites  seems  to  show 
that  it  represents  the  Diplograjjtus  <pjiaarimucronaiii8  zone  of 
the  Hartfell  black  shales.  The  greywackes  and  shales  which 
rest  to  all  appearance  conformably  on  the  Hartfell  black  shales 
must  thus  represent  the  Barren  Mudstones  of  the  Moffat  series, 
and  possibly  the  very  highest  sub-zone  of  the  Hartfell  black 
shales.  If  this  inference  be  correct,  then  it  is  apparent  that 
the  type  of  sedimentation  is  here  widely  different  from  that 
which  prevails  along  the  strike  of  the  Monat  region. 

Another  importaat  feature  of  the  section  in  the  northern  part 
of  the  bay  is  the  reduplication  of  the  strata  by  isoclinal  folding 
and  the  '* nosing  out"  of  the  s^clines of  greywacke  that  overlie 
the  Hartfell  black  shales.  This  part  of  the  section  thus  displays 
a  representation  in  miniature  of  the  general  type  of  structure 
which  prevails  throughout  the  Silurian  Tableland. 

At  the  base  of  the  sea  cliff,  at  the  north  end  of  Morroch  Bay, 
where  a  wall  bounds  the  northern  limit  of  the  raised  beach 
near  high  tide  maik,  a  sharp  syncline  of  grit  lies  in  the  Hartfell 
black  shales  (3^\  Fig.  98).  From  the  band  immediately  in 
contact  with  greywackes  tne  following  fossils  were  obtained : 

Diplograptus  quadrimucronaius  (Hall. )  j  Climacograpttis  bicomis  (Hall. ) 

Dicranograptvs  ramoaus  (Hall.)  Oryptograptus  tricomis  (Carr.) 

NichoUoni  (Hopk. ),  LeptograptiLs  flaccidus  (Hall. ) 

wide-angled  var.  Dicellograpttis  sp. 

The  following  additional  forms  were  obtained  from  the  black 
shales  a  little  further  from  the  greywackes : 

DiceUogrtxptus  moffatensis  (Carr.)  Leptograptus  capiUaris  (Carr.) 

„  Forchhammeri  (Gem.)   |    Climac{>graptu8  cavdcUus  (Lapw.) 

Diplograptus  fcliaceu9  (Murch.)  <    Ccrynovdes  calycvlarU  (Nich.) 

A  striking  feature  of  these  shales  is  the  assemblage  of  forms 
on  the  same  slab,  viz. :  Diplograptus  quadrimttcronat^is,  Dicrano- 
graptus  ramosus,  and  Climacograptm  bicornis. 

The  narrow  outlier  of  greywacke  is  followed  on  the  south  side 
by  several  feet  of  Hartfell  shales,  which,  along  the  stiike  sea- 
wards, have  supplied  the  fossils  given  in  the  accompanying  list : 

Leptograptus  flixcddMs  (HalL)  ,  Diplograptus  sp.,  abundant. 

,,  ,,      pathological  var.  '  Rtti6lit^fhratus(JjBi,^ifJ) 

DiceUograptus  moffatensis  (Carr.)  '  Climacograptus  bicomis  (Hall.) 

Diplograptus  foliaceus  (Murch.)  '  Corynoides  sp. 

, ,         qu^jfdrimucronatus  (Hall. ) 

Below  the  high  tide  mark,  and  rather  to  the  north  of  the 
strike  of  the  bands  just  described,  seven  lenticidar  patches  of 
black  shales  appear  among  the  greywackes,  apparently  forming 
isoclinal  arches  m  the  overlying  sediments.     From  one  or  more  of 
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these  bauds  the  following  forms  were  obtained :  Lepiograptus 
fiacddys,  Diplograptus  qaadrimticronatus,  D,  foliaceiLs,  Crypiograptvs 
tricornis,  and  DiceUograpixts, 

The  sediments  which  occupy  the  coa^t  for  the  next  300  yards 
.  in  a  westward  dii-ection  consist  of  greywackes,  pebbly  grits  with 
partings  of  shale,  and  gi'ey  mudstones.  Near  this  point  on  the 
cliJSE,  at  Bellone  Cove,  two  thin  bands  of  black  shale  which  occur 
among  the  grey wackes  have  yielded  Diplograptus  qtutdrimucronattLs^ 
jD.  foliaceus,  Leptograpius  jlcLccidus,  Jjeptograptus  capiUa/ris,  Bicello' 
graptus  Forchhammeri,  and  Clivmcograptus  tubuUferus. 

Coif  in  Station. — Xoi-th-eastwards  from  Morroch  Bay, 
few  exposures  of  black  shale  are  to  be  found,  which  may  be 
accounted  for  by  supposing  that  these  strata  gradually  pass  under 
higher  sediments  wnen  traced  in  that  direction.  The  first  satis- 
factory outcrop  is  seen  in  a  qxiarry  about  two  miles  E.N.E.  of 
Morroch  Bay,  and  500  yards  S.S.E.  of  Cowend.  Here  grey- 
wackes  dipping  S.S.E.  are  accompanied  by  two  feet  of  black 
shales,  which  contain  Diplograptus  quad/rimucronatus  in  excellent 
preservation,  Lepiograptus  jla/xidus,  Diplograptus  foliaceus,  Cory- 
noides  calycula/ris,  and  Clinia/U)graptus  hicomis.  On  the  south-west 
slopes  of  the  Bine  Hill,  from  fragments  of  black  shale  visible  in  the 
fields,  Diplograptus  foliaceus  and  Climacograptus  have  been  collected. 

Glenlaggi e. — Eastwards  across  the  drift-covered  country 
another  exposure  is  laid  bare  in  Glenlaggie,  a  ravine  cut  by  a 
tributary  of  the  Garthland  Burn  about  half  a  mile  south-east  of 
Colfin  Faimhouse.  About  400  yards  up  this  bum  the  black 
platy  shales,  breaking  into  small  sub-angular  fragments,  dip 
S.  10**-15**  E.  Graptolites  are  not  abundant,  but  the  following 
■forms  were  here  collected : 

Diplograptus  quadrlmucronatus  '  Olitivacograptus  sp. 

(Hall.)  DiceUograptus  sp. 

,,  foliaceus  (Murch.)  |  Corynoides  c^Uycularis  (Nich.) 

Li»pt(XfniptMnfla4:ciduii  (Hall.)  i 

On  the  north  bank  of  this  stream  there  is  evidence  of  inverted 
isoclinal  folding  of  the  black  shales.  On  the  south  bank,  at  the 
fossilifeix)us  locality,  these  black  shales  pass  upwards  into  gritty 
greywackes. 

Colfin  Gle n. — ^Kather  to  the  north  of  the  strike  of  the 
Morroch  Bav  band,  and  about  half  a  mile  to  the  north-west  of 
the  outcrop  in  Glenlaggie,  black  shales  appear  in  Colfin  Glen, 
between  Ipper  Kilhilt  and  t)oltin  Farmhouse.  They  are  seen 
in  the  bed  of  the  stream,  veiy  much  shattered,  but  yielding 
traces  of  graptolites.  In  the  field  on  the  south  side  of  tiie  glen, 
and  not  far  from  the  stream,  black  and  dark  blue  shales  occur 
at  the  base  of  the  steep  slope,  dipping  south-east  underneath 
erevwackes  and  sandv  shales.  The  dark  blue  shales  contain 
Lepiograptus  flaccid/us,  Diplograptus  foliaceus^  and  DiceUograptus. 
These  strata  resemble  some  of  the  seams  belonging  to  the  horizon 
of  the  D.  qHa-cfrimucrotuitus  sub-zone. 
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Half  a  mile  up  the  wooded  gleu,  Hartf  ell  Shales  again  appear, 
dipping  N.  20*"  W.  The  shales  are  platy,  and  mer^e  into  black- 
blue  shales,  or  dark  blue  micaceous  shales  and  gnts.  Some  of 
the  bands  yield  the  same  assemblage  of  fossils  as  noted  above, 
viz, :  Leptograjdiis  flucddiis,  Diphgraptus  foliaceus,  Dicellograpttis, 
Diplograptus  quadrimucronatus,  and  Cryptograptvs  tricornis,  Grey- 
wackes  are  found  between  the  arches  of  black  shales  in  this  part  of 
the  glen. 

Portayew  Bav. — ^About  two  miles  to  the  south  of  the 
important  section  in  Morroch  Bay,  the  Hartfell  black  shales  rise 
on  a  fold  in  the  midst  of  Barren  Mudstones  in  Portayew  Bay. 
About  100  yards  to  the  south  of  the  centre  of  this  bay,  where  the 
Portayew  Bum  flows  into  the  sea,  at  the  base  of  the  rocky  cliff, 
cleaved  black  shales  containing  limestone  nodules  appear ;  but 
notwithstanding  the  cleavage,  certain  layers  contain  specimens 
in  good  preservation  of  Diplograptus  foliaceus,  D.  quadrimu- 
cronatvSy  DiceUograptvs  elegans,  D,  caduceuSj  D,  Forckhmameri, 
Dicranograptus  ramosuSy  Climacograptus,  OhoUela,  &c.  These 
fossiliferous  beds  plunge  underneath  grey  shales  and  mudstones, 
evidently  the  equivalents  of  the  Barren  Mudstones  of  Moffat, 
which  contain  limestone  nodules,  and  are  associated  with  grey- 
wacke  bands,  the  whole  series  forming  a  prominent  cliff.  North- 
wards, contorted  and  shattered  black  shales  at  the  base  of  the 
cliff  have  furnished  specimens  of  Dicellograptics  and  Climaco- 
graptus. 

Immediately  to  the  south  of  the  mouth  of  i'ortayew  Bum 
a  massive  dyke  of  igneous  rock  extends  from  the  beach  up  the 
cliff  along  the  south  bank  of  the  burn.  Black  shales  appear  on 
the  cliff  to  the  north  of  this  dyke,  much  crushed,  but  containing 
DidymograptuSj  Dicranograptus  ra'inosics,  Diplograptus  Whit- 
fieldi,  D,  euglyphv^,  Cryptograptv^  tiicornis.  &c. — ^forms  which 
indicate  their  Glenkiln  horizon.  This  identification  of  their 
stratigraphical  position  is  confirmed  by  the  appearance  of  the 
grey  radiolarian  cherts  in  association  with  tiiem  while  the 
presence  of  the  Lower  Hai-tfell  Shale**  is  indicated  by  the 
occurrence  of  specimens  of  Diplograptus  quadrimacronatus  in  the 
same  outcrop. 

Crailloch  Burn. — Aboxit  two  miles  to  the  south-west  of 
Stranraer,  and  to  the  north  of  the  strike  of  the  Morroch  Bay 
band,  several  exposures  of  black  shales  in  the  midst  of  pebbly 
grits  and  greywackes  have  yielded  graptolites  sparingly  owing  to 
cleavage.  Of  these  outcrops,  the  best  is  to  be  found  in  the 
Crailloch  Bum,  about  a  mile  W.N.W.  from  Piltanton  Bum. 
Greywackes  and  shales  are  there  laid  open,  and  a  few  yards 
soutii  from  a  stone  fence  gi*ey  mudstones  are  seen  on  the  west 
bank  of  the  bum.  At  the  point  where  this  fence  crosses  the 
bum,  flaky  black  shales  have  lumished  a  few  graptolites 
including  Corgnoides  calycularis  in  abundance  in  some  seams, 
Diphgravtus  foliaceus,  Dtcellograptus,  and  Gryptograptus  tricornis. 
These  beds  dip  south-east,  and  beyond  the  fence  black  shales 
appear  with  a  similar  south-east  dip.     At  a  bend  of  the  stream, 
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from  black  shales  associated  with  black  flinty  ribs  of  the  Glen- 
kiln  type  the  following  graptolites  have  been  collected: 

Thamnograpius  scoticus  (Lapw.)  DiceUograptMs  sextnns  (Hall.) 

Diplograptusfolia4:eus{M}XTch.)  Climacograptus  Schdrenbergi  (La^w.) 

„           euglyphus  {Loipw.)  ,,             6icomia  (Hall.) 

Cryptograptus  tricomis  (Carr.)  ,,             ccelatua  var.  antiqmu 

Dicranograptus  ramosus  (HalL)  |                                                   (Lapw.) 
DicellograpttLs  Forchhammeri  (Gein.) 

A  good  exposure  of  grey  radiolarian  cherts  may  be  seen  on  the 
north  bank;  westwards,  however,  greywackes,  grits,  and  shales 
occur,  which  must  be  faulted  against  the  black  Glenkiln  Shales 
and  cherts.  Westwards,  near  the  cottage  of  Greenknowes,  thin 
seams  of  black  shale  are  intercalated  in  greywackes  and  shales, 
which,  though  much  cleaved,  still  show  traces  of  graptolites. 
Further  down  the  stream,  on  its  south  bank  at  a  point  due  north 
of  Crailloch  Farmhouse,  and  about  a  third  of  a  mile  west  of 
Filtanton  Bridge,  highly  bleached  black  shales  appear  from 
which  the  black  colour  has  disappeared,  the  outer  surface  ot 
the  shales  being  stained  reJ,  and  the  interior  of  a  grey  or 
whitish-grey  tint.  A  few  yards  up  the  grassy  slope  on  the 
south  side  they  yield  the  following  graptolites :  Dicranograptus, 
Dicellograptus,  l)iplograptu8  foliaceus,  Glimacograpius,  &c.  At 
various  places  on  Crailloch  Hill  and  to  the  west  of  Crailloch 
Farmhouse,  black  shales  and  mudstones  appear  in  the  midst 
of  greywackes,  grits,  and  shales.  They  are  much  cleaved,  and 
only  fragments  of  graptolites  have  been  obtained  from  them. 

Shore-Section  from  Corsewall  Lighthouse  to  Fortpatrick, 

The  coast  from  Corsewall  Lighthouse  southwards  for  twelve 
miles  to  Fortpatrick  furnishes  important  evidence  regarding  the 
variation  in  the  types  of  the  Llandeilo-Caradoc  Rocks  from  those 
which  prevail  in  tne  Moffat  series.  At  various  places  throughout 
this  section  graptolites  occur,  sometimes  in  normal  black  shales 
and  sometimes  in  thin  dark  films  in  grey  shales,  slates,  and  grey- 
wackes. Owing  to  the  occurrence  here  of  fossils  belonging  to 
the  Glenkiln  and  Hartfell  divisions,  in  the  dark  seams  inter- 
leaved in  coarser  sediments,  it  is  extremely  difficult  to  draw  a 
boundary  line  in  this  area  between  the  Llandeilo  and  Caradoc 
rocks.  We  will  therefore  describe  the  whole  series  of  sediments 
of  Llandeilo-Caradoc  age  exposed  on  the  coast  line  southwards 
from  Corsewall  Point. 

At  the  northern  limit  of  the  section,  between  Milleur  Point, 
the  western  headland  of  Loch  Ryan  and  Corsewall  Point — a 
remarkable  development  of  coarse  conglomerate  presents  itself, 
the  lithological  characters  of  which  were  described  long  ago  by 
Mr.  Carrick  Moore.  The  rock  is  well  displayed  on  the  sea-clins 
at  the  lighthouse,  where  it  contains  coarse  boulder  beds,  between 
which,  the  intervening  bands  are  composed  of  greywacke  and 
sandy  shale.     The  pebbles  lie  in  a  matrix  of  coarse  grit  in  which 
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there  are  abundant  small  fi*agments  of  red  radiolarian  chert. 
The  largest  and  most  abundant  blocks  are  composed  ot  acid 
granitoid  rocks^  which  are  associated  with  pebbles  of  intrusive 
basic  material,  similar  to  the  acid  and  basic  intrusive  igneous 
rocks  of  the  Ballantitte  volcanic  region.  Among  the  smaller 
blocks  are  specimens  of  diabase  and  diabase-porphyrite  lava, 
serpentine,  quartz-felsite,  red  chert,  limestone,  and  rarely  grey- 
wackes  and  black  chert. 

Southwards  for  more  than  a  mile  from  the  lighthouse,  the 
strata  of  massive  grits,  which  have  been  stained  by  overlying 
rocks  now  removed  by  denudation,  are  varied  occasionally  by 
more  pebbly  bands,  but  without  assuming  the  character  of  coarse 
conglomerates.  They  are  vertical  or  neaiiy  so,  and  are  traversed 
by  many  faults  which  run  north-west  and  south-east.  Beyond 
the  Ox  liocks  the  grits  aie  succeeded  by  mudstones  and  liard 
ribs,  the  former  being  green  in  fresh  fracture  and  strained  red 
ia  joints.  On  the  shore  opposite  the  Genoch  Bocks,  conglomer- 
atic hands  reappeai',  with  pebbles,  two  to  three  inches  across,  of 
rocks  similar  to  those  in  the  conglomerate  at  the  lighthouse,  the 
matrix  being  mainly  made  up  ot  igneous  material.  The  general 
dip  of  the  strata  is  to  the  JS.S.E.  at  angles  varying  from  iu^-tiU^ 
Still  further  south,  the  mudstones  and  hard  bands  are  again  met 
with,  rolling  about  at  comparatively  low  angles,  but  with  a 
general  inclination  to  the  IS.S.E.,  and  they  continue  as  far  as 
Portnaughan  Bay,  where  the  beds  are  smashed  and  reddened 
along  a  line  of  tault.  Beyond  this  fault  the  beds  still  dip  south- 
wards, but  at  the  southern  headland  of  the  bay  they  begin  to 
dip  to  the  north  at  angles  varying  from  5°-r/°.  from  Port- 
naughan south  to  Dounan  Bay,  the  same  general  lithologicai 
type  continues,  consisting  of  mudstones  with  hard  ribs  and  sand- 
stone bands. 

At  Port  Long,  north  of  Dounan  Bay,  the  beds  are  much 
brecciated,  and  hematite  fills  the  space  between  the  broken  frag- 
ments. Again,  in  the  north  part  of  Dounan  Bay,  they  are  much 
shattered  and  brecciated  by  faulting.  In  Port  Long — a  small 
cove  in  this  bay — they  are  traversed  by  a  fault  breccia,  sometimes 
fifteen  feet  broad,  which  contains  hematite.  About  the  middle 
of  Dounan  Bay,  a  powerful  fault  is  seen  on  the  shore,  of  which 
the  dislocations  just  referred  to  are  probably  off-shoots,  and  in 
which  occurs  a  white  clay  that  was  mined  about  100  years  ago, 
ruins  of  the  old  Viln  being  still  visible.  This  dislocation  is  pro- 
bably the  south-west  continuation  of  the  Glen  App  fatdt,  which 
reappears  on  the  west  side  of  Loch  Ryan  in  Lady  Bay.  North 
of  Dounan  Bay,  on  the  west  coast,  and  again  on  the  shore  of 
Loch  Ryan  near  Lady  Bay,  the  strata  have  been  reddened,  pro- 
bably by  staining  from  the  younger  red  rocks  now  removed. 
The  hematite  vein  may  be  due  to  this  cause. 

At  the  south  half  ot  Dounan  Bay,  a  marked  change  takes  place 
in  the  character  of  the  strata.  They  now  consist  of  grey  and 
blue  sandy  micaceous  shales  with  grey  limestone  nodules,  the 
latter  measuring  in  some  instances  several  feet  across.     They  are 
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well  seen  in  the  bay  at  low  tide.  At  tke  boutli  limit  of  tlie.ba5% 
wKere  the  shore  road  exposes  a  cliff  section  of  these  shales,  tlie 
dark  strains  in  them  have  supplied  the  following  forms :  Dlplo- 
graptus  folidcetis,  Climacograptus  hicornis,  C.  Scharenhergi,  Dicello- 
graptiis,  Dicranograptus  ro/inosiis,  Diplograj)tus  etujlifphus,  and  a 
sponge. 

Southwards,  beyond  some  grits,  flags,  and  shales,  similar  shales 
to  those  in  Dounan  Bay  appear  at  a  point  about  100  yards  south 
of  the  fossiliferous  locality  just  referred  to  (Burnfoot  on  the  six- 
inch  map),  where  they  have  yielded  Dicelhgraptus  divaricaius, 
Dicelhgraptua  sextans,  J),  patulosus,  Dicranograptus  ramosuSy 
Climacograptus  bicomiSf  Climacograptus  Schdrenbergi,  and  Diph- 
graptus  foliaceus.  The  fossil  iferous  shales  are  usually  associated 
with  a  pebbly  band. 

From  these  shales  southwards  to  Saltpan  Bay,  the  shore 
presents  an  alternation  of  greywackes  and  shales,  together  with 
the  Dounan  shales.  At  Castle  Butt  some  fossils  occur  in  the 
Dounan  shales.  Excellent  examples  of  overfolding  are  seen  at 
March  Port,  half  a  mile  north  of  Saltpan  Bay,  the  beds  dipping 
in  isoclinal  folds  to  the  south.  At  a  point  where  a  bum  dis- 
charges into  the  latter  bay,  rusty  flaggy  grey  shales  with  black 
strains  appear  as  a  fold  in  the  grits.  The  snales  contain  lime- 
stone nodules,  and  in  the  dark  seams  poorly  preserved  graptolites 
occur,  one  being  Climacograptus  like  caudatus.  The  fossili- 
feix)U8  shales  are  here  associated  with  pebbly  grits,  like  a 
'*  Haggis  Rock,"  containing  fragments  of  chert,  Iblack  shale,  and 
lava.  In  this  bay  the  beds  all  dip  southwards.  The  grits  ai'e 
succeeded  by  sandy  argillaceous  greywackes,  till  at  a  spot,  named 
the  Swallow  Port  on  the  six-inch  map,  about  200  yards  south  of 
Saltpan  Bay,  two  arches  of  the  Dounan  Shales  show  themselves. 
For  a  quarter  of  a  mile  down  the  shore,  the  greywackes  alter- 
nate with  thin  bands  of  shale,  till  at  Slocknamorrow,  300  yards 
north  of  Portobello,  the  Dounan  shales  reappear  and  occupy  the 
bay.  Here  they  have  yielded  CorynoiJes  cahfcularis,  Dicranograptus 
ramosuSf  Dicellograptus  moffatensis,  CllmacograptuH  hiconiis,  and 
Climacograptus  caudatus. 

North  of  Portobello  the  beach  exposes  another  fold  of  the 
Dounan  shalas,  and  they  reappear  on  several  ai-ches  south  of 
the  port  within  a  distance  of  a  quarter  of  a  mile,  where  the 
evidence  of  inverted  folding  is  very  pronounced.  For  nearly  a 
mile  south  of  March  Port,  as  far  as  a  bay  500  yards  south  of 
Juniper  Bock  (Broad  Port),  greywackes  alternate  with  pebbly 
grits  and  thin  shaly  partings*  At  Broad  Port,  however,  the 
Dounan  shales  reappear  and  occupy  the  whole  of  the  bay. 
Excellent  examples  of  overfolding  occui*  in  this  bay,  all  the  over- 
folds  dipping  southwards,  and  there  are  likewise  instances  of 
reversed  and  noimal  faults.  Limestone  nodules  are  met  with, 
and  in  the  dark  strains  specimens  of  Climacograptus  Idcornis  and 
Corynoides  calycularis  were  collected. 

The  south  horn  of  Broad  Port  Bay  is  occupied  bj'-  pebbly  grits, 
and  further  south  the  Dounan  shales  with  limestone  nodules 
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reappear.  Fine  examples  of  overfolding  are  also  visible,  the 
overfolds  still  dipping  south.  The  siiales  occur  again  in 
Slouchnawen  Bay  \vith  numerous  limestone  nodules,  and  contain 
Dicranograptus  ramosus,  Climacograpius  bicomis,  &c..  The  same 
beds  reappear  about  200  yards  south  of  the  moutli  of  Galdenoch 
Bum  in  Wee  Port  Bay. 

Southwards,  seams  of  greywacke  about  one  foot  thick  with 
shale  partings  occupy  the  coast.  Near  Saltpans  Bay,  Dounan 
shales,  much  folded,  extend  along  the  shore,  nearly  all  the  folds 
being  inverted  and  dipping  south.  Xodules  of  limestone  and 
greywacke  occur  in  the  shales.  The  south  part  of  Saltpans  Bay 
is  occupied  by  pebbly  grits  and  greywackes,  and  for  nearly  a 
mile  to  the  south  the  beds  consist  chiefly  of  gi'eywackes  with  some 
shale  bands. 

For  half  a  mile  south  of  the  mouth  of  the  bum  which  falls 
into  Broadsea  Bay  west  of  Little  Larbrax  Farmhouse,  the  rocks 
consist  of  sandy  greywackes — ^intermediate  in  character  between 
mudstones  and  greywackes — with  a  lumpy  mode  of  weathering 
and  thin  shale  partings.  Fine  overfolding  is  visible  here  in  the 
gi'eywackes.  Half  a  mile  south  of  the  mouth  of  the  Larbrax 
Bum  in  Broadsea  Bay,  at  the  mouth  of  a  small  stream  W.X.W. 
of  Portslogan  Farmhouse,  a  lenticular  band  of  black  shales, 
charged  with  typical  Glenkiln  fossils,  occurs  along  the  crest  of 
an  arch,  in  the  heart  of  grev-blue  shaly  mudstone,  followed  by 
grey  greywackes  on  both  siSes  of  the  isoclinal  fold.  The  beas 
overlying  the  black  shales  are  seen  to  converge  up  the  cliff.  The 
lenticle  of  black  shale  is  about  two  feet  across  at  its  broadest 
part.  The  fossils  from  it  include  typical  Glenkiln  zonal  forms, 
well  preserved  and  readily  identifiable.  It  may  be  noted  that 
Ccenograptus  occurs  here  in  great  abundance  and  in  excellent 
preservation.     The  species  here  collected  are : 

Didymograptus  superstes  (Lapw.)  Dicranograptus  ranumta  (Hall.) 

Gotnographts  gracilis  (Hall.)  Dicellograptus  sextans  (Hall.) 

,,  pertenuis  (Lapw.)  Cryptograptus  tricomis  (Carr.) 

,,  surcularis  (B.a\\.)  Qimacograptiis  Schdrenhergi  (jApw.) 

Diplograptus  foliaceus  (Murch.)  ,,  bicomis  (Hall.) 

From  this  point  southwards  along  the  coast  for  a  distance  of 
250  yards,  the  section  presents  several  features  of  interest.  The 
Arenig  cherts  appear  6n  two  folds,  and  tliere  are  three  exposures 
of  fragmental  volc€aiic  rocks  associated  with  the  sediments. 
Beyond  the  inverted  arch  of  Glenkiln  shales  just  described, 
the  mudstones  and  greywackes  appear,  the  latter  occupying  the 
coast  line  for  a  distance  of  about  100  yards.  Thereafter  for  a 
distance  of  40  or  50  yards  the  beach  is  strewn  with  shingle,  and 
here  and  there  isolated  skerries  appear,  composed  of  blue-grey 
shales  and  greywackes.  In  the  centre  of  these  skerries  are  found 
the  fragmental  volcanic  rocks. 

About  170  yards  south  of  the  Glenkiln  black  shales,  a  pro- 
minent narrow  ridge,  a  few  feet  in  breadth,  leaves  the  cliff  and 
runs  out  to  sea  in  the  form  of  skerries.  The  largest  development 
of  volcanic  rocks  is  here  visible.     The  core  of  the  ridge  is  com- 
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posed  of  these  rocks,  which  are  best  seen  where  the  materials  are 
worn  by  the  sea.  They  consist  of  agglomerates  or  tufis  and 
slaggy  lavas.  The  north  side  shows  about  six  feet  of  agglo- 
merate, followed  by  a  thin  bed  of  lava,  from  eight  to  ten  inches 
or  one  foot  thick,  which  is  in  turn  succeeded  by  ten  inches  of 
black  shales  and  greywackes.  The  lava  is  mucn  deformed,  the 
vesicles  are  elongated,  and  the  cleavage-planes  which  traverse 
the  rock  dip  south  at  high  angles.  The  agglomerate,  which  is 
not  deformed,  is  charged  abundantly  with  blocks  of  vesicular 
lava  in  rounded  or  bomb-shaped  masses.  The  most  abundant 
blocks  in  the  agglomerate  are  grey  cherts,  next  come  the  black 
shales,  and  next  in  order  are  greywacke  fragments.  From  one 
fragment  of  black  shale  included  in  this  agglomerate  the  follow- 
ing list  of  fossils  was  obtained : 

Didymogra/ptus  superstea  (Lapw.)  ]   Diplograptus  ettglyphus  (Lapw.) 

CoBTiograptus  grcicilia  (Hail,)  ,,  folidceus  (ilurch.) 

,,  pertenvis  (Lapw.)  Onfptograptus  tricomis  (Carr.) 

,,  surciilaris  (HfiW..)  Glosaograptus  Hinckgi  (Hopk.) 

Dicranograptus  minimus  (Lapw.)  Cliinacograptus  hicomis  (Hall.) 

,,  ramosMA  (Hall.)  Dicellograptiis  sp. 

Diedlograptxis  sextans  (Hall.) 

Five  yards  to  the  north  of  the  ridge  just  described  the  tuff  re- 
appears on  a  knob  peering  through  tne  shingle,  while  another 
exposure  is  met  with  still  further  north  in  the  heart  of  mud- 
stones.  The  occurrence  of  fragments  of  black  shale,  containing 
a  characteristic  assemblage  of  Glenkiln  graptolites,  in  the  tuff 
associated  with  sediments  that  apparently  overlie  the  adjacent 
Glenkiln  shales  to  the  north,  may  be  regarded  as  indicating  the 
Lower  Caradoc  age  of  this  volcanic  zone.  South  of  the  ridge 
for  a  distance  of  25  yards,  grits  project  in  isolated  patches 
through  the  gravel,  till  at  the  south  end  of  the  bay  grey  and 
black  radiolarian  cherts  appear,  with  intercalations  of  green 
mudstones.  The  relations  to  the  rocks  on  the  north  side  are  not 
visible.  On  the  south  side  of  this  fold  of  cherts  a  thin  band 
of  tuff  is  to  be  seen  in  contact  with  the  cherts,  succeeded  by  dark 
sandy  shales  or  mudstones  containing  fragments  of  chert.  This 
series  of  rocks  is  truncated  by  a  fault  which  brings  in  grits  and 
greywackes  that  form  the  headland  south  of  the  bay  and  occupy 
about  50  vards  of  the  coast  section. 

The  next  core  reveals  another  arch  of  the  cherts,  truncated  on 
the  south  side  by  a  fault  which  brings  in  grits.  On  the  north 
aide  black  shales  come  in  contact  with  the  cherts,  which  are 
nodular,  grey,  and  streaked  black  with  stained  radiolaria.  The 
first  foot  of  black  shales  yields  typical  zonal  Glenkiln  forms : 

CoenograptAts  gracilis  (Hall.)  !    Cryptograptus  tncomis  (Carr.) 

,,           pertenuis  (Lapw.)  Cliinacograptus  hicomis  (Hall.) 

Dicranograptus     minimus     (Lapw.)  IXplograptus  folia<ieuA  (Myirch,) 
abundant  and  well  preserved. 

To  the  north  of  this  band  of  black  shales,  and  immediately 
succeeding  it,  with  an  inverted  southerly  dip,  dark  sandy  shales 
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with  black  strains,  from  five  to  six  feet  thick,  have  yielded 
Climacograptus  hicomis. 

On  the  south  side  of  the  exposure  of  cherts,  the  greywackes 
brought  into  contact  with  them  by  a  fault  become  pebbly,  till  at 
a  point  100  yards  south  of  the  cherts  a  massive  conglomerate 
comes  in  at  Dove  Cove,  two-thirds  of  a  mile  north  of  Knock  Bay, 
composed  of  boulders  of  greywacke,  calcareous  nodules,  &c.,  from 
six  inches  to  two  feet  across.  The  calcareous  nodules  decompose 
more  readily  than  the  matrix,  giving  the  rock  a  honeycomb 
appearance.  This  conglomerate  occupies  the  coast  for  a  distance 
of  30  or  40  yards. 

From  this  point  along  the  coast,  greywackes  and  shales  are 
seen,  till  at  tne  mouth  of  a  bum,  a  quarter  of  a  mile  north  of 
Knock  Bay,  there  is  an  exposure  of  cherts  and  black  shales, 
the  cherts  occurring  three  times  in  the  midst  of  the  black  shales 
and  greywackes.  The  beds  are  much  shattered  and  crushed, 
and  fossils  are  very  difficult  to  obtain  from  them.  After  con- 
siderable search,  only  one  thin  seam  yielded  graptolites  which 
included  Climacograptus  bicornis,  together  with  THceUograptus, 
Gorynoides  calycuh/ris,  and  Acrotreta  Nichotsoni, 

In  the  skerries  at  low  tide,  in  the  strike  of  some  of  the  beds 
just  described  which  occur  in  the  cliff,  a  series  of  black  and  grey 
grits,  with  lenticles  of  black  shales,  is  surrounded  with  grits. 
These  lenticles  have  yielded  Gorynoides  calycularis,  Diplograptus 
foliaceus,  and  Climacograptus,  A  little  to  the  south,  in  the 
same  bay,  another  arch  shows  thin  black  shales  on  the  cliff  that 
bounds  the  beach  on  the  south  side  of  the  stream.  This  i» 
followed  by  greywackes,  and  about  100  yards  south  of  this  point 
black  sandy  shales  occur,  containing  Gorynoides  calycularis  in 
great  abundance,  Climacograptus,  and  Bicelhgraptus,  From 
Knock  Bay  to  the  south  of  Kilintringan  Bay  the  shore  displays 
a  succession  of  greywackes  and  shales  with  black  strains  yielding 

Sraptolites.     In  Kilintringan  Bay  the  grey  and  blue  shales  with 
ark  strains  appear  in  force,  the  latter  yielding  Climacograptus 
hicomis  and  Cryptograptus  tricornis. 

From  the  foregoing  description  of  the  strata  exposed  on  the 
shore  between  Corsewall  Lighthouse  and  Kilintringan  Bay, 
north  of  Portpatrick,  it  is  clear  (1)  that  the  radiolarian  cherts  of 
Arenig  age  are  exposed  on  anticlinal  folds  as  far  north  as  Broad- 
sea  Bay;  (2)  that  at  the  same  locality  the  typical  Glenkiln 
graptolites  still  occur  in  a  normal  black  shale,  followed  by  sedi- 
ments which  contain  thin  dark  seams  yielding  graptolites  com- 
mon both  to  the  Glenkiln  and  Hartf ell  groups ;  (3)  that  betwppn 
Broadsea  Bay  and  Corsewall  Point  there  is  a  constant  repetition 
of  blue  and  grey  shales  with  dark  fossiliferous  seams,  sandy 
greywackes,  pebbly  grits,  mudstones,  and  shales,  which  may 
belong  partly  to  the  Glenkiln  series  (Llandeilo)  and  partly  to  the 
Hartf  ell  (Caradoc).  The  assemblage  of  graptolites  is  such  that 
no  very  definite  opinion  can  be  pronounced  as  to  the  relative  age 
of  the  various  sediments. 
We  will  now  proceed  to  adduea.  evidence  that  inland,  by  Caim 


4l()  TliP  Slilurian  Kocks  of  Scoihind, 

Ryan  and  Barrhill,  to  Craiglure  Lodge  near  Loch  Doon,  the 
Glenkiln  assemblage  of  graptolites  occurs  in  thin  dark  films  or 
seams  interleaved  in  shales,  slates,  and  greywackes. 

Cairn  Ryan  District. — ^This  paot  of  Wigtownshire 
affords  proof  that  the  fossils  characteristic  of  the  Glenkiln 
division  no  longer  occur  in  shales  of  the  central  Moffat  tvpe. 
Certain  zonal  forms  confined  to  the  Glenkiln  horizon  are  there 
found  in  dark  seams  interleaved  in  grey  and  blue  slates  and 
shales.  One  of  the  best  examples  is  to  "be  found  in  the  Cairn 
Ryan  Slate  Quarries — a  locality  long  known  through  the 
discoveries  of  Carrick  Moore.  Here  grey  and  blue  slates  contain 
thin  dark  seams  yielding  Didymograptus  superstes,  Climacograp- 
tu8j  Diphgraptus,  and  Dicellograptus,  The  fossils  are  confined 
to  these  dark  seams,  and  are  not  in  good  preservation.  Similar 
evidence  is  obtained  on  the  east  shore  of  Loch  Ryan,  near  Poly- 
modie  Bum,  which  joins  the  sea  about  a  mile  and  a  quarter 
north  of  Cairn  Ryan.  About  20  yards  south  of  the  mouth  of 
this  bum,  the  following  fossils  were  collected  from  dark  strains 
in  grey  shales  intercalated  in  grits : 

Didymog^raptusimpergtes  (Imw.)  '    (Mmacograptus  ap. 

Lanograptus  himucroncUua  (Nich.)  DiceUograptus  sextans  (Hall.) 

Diplograptua  foliaceus  (Murch. )  , ,            patulomis  TLap w. ) 

Onfptograptus  tricamis  (Carr.)  Dieranograptus  ramomis  (Hall.) 

Again,  about  50  yards  north  of  the  mouth  of  Polymodie  Bum, 
the  following  assemblage  was  obtained  from  similar  beds : 

Diplograptus  foliaceus  (Murch.)  '    Oryptograptus  trieomis  (Carr.) 

,,            exiglyphus  (Lapw.)  DiceUograptus  sextans  (Hall.) 

Lasiograptus  himucronaius  (Nich.)  ,,            patulosus  (Lapw.) 

Climacograptus  celatus  var.  antiquus  ,,            like  flexuosus  (Lapw.) 
(Lapw.) 

Northwards,  the  shore  of  Loch  Ryan  to  the  mouth  of  Glen 
App  displays  a  constant  repetition  of  grey  and  blue  shales  and 
greywackes,  having  a  general  dip  to  the  south-east  at  high 
angles  (Sheet  7  of  the  Survey  Map).  At  the  roadside  at  the 
mouth  of  Glen  App,  the  graptolites  given  in  the  annexed  list 
were  collected  from  dark  seams  in  grey  shales  or  slates : 

Biflograptus  euqlyphus  (Lapw.)  i    C^inuicograptus  bicamis  (Hall.) 

„           fotiaceus  QluTch.)  ,,             peltif er  (lApw.) 

DiceUograptus  sextans  (ELaXL)  Dieranograptus  ramosus  (Hall.) 

divaricaius  (Hall.)  Oryptograptus  trieomis  (Carr.) 

paiulosiu  (Lapw.^  Coryncndes  ecUycularis  (Nich.) 
'  Ich.' 


♦  » 


Lasiograptus  binvucronatus  (Nicn.) 

Similar  evidence  is  obtained  in  the  district  of  Barrhill  (south- 
west comer  of  Sheet  8),  where  a  great  development  of  grey  shales 
with  occasional  greywacke  bands,  though  resembling  lithologi- 
cally  the  Lowther  Shales  (Caradoc),  yet  in  certain  dark  sandy 
seams  fumish  a  characteristic  assemblage  of  Glenkiln  grap- 
tolites.   This  shaly  group  is  well  exposed  in  Feoch  Bum  and 
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Cross  Water,  both,  tributaries  of  the  river  Duisk,  and  also  in  the 
Lavish  Bum — ^an  affluent  of  the  PoUgowan  Bum — ^the  general 
inclination  of  the  strata  being  to  the  south-east  at  high  angles. 
Excellent  fossilif erous  localities  occur  in  the  Cross  Water,  which 

{'oins  the  Duisk  River  from  the  south-west  at  the  village  of  Barr- 
lill.  In  this  section,  at  a  point  above  the  Linn  Dubh,  three- 
quarters  of  a  mile  south-west  of  Barrhill,  and  400  yards  S.S.E. 
of  Ward,  dark  micaceous  sandy  shales,  weathering  with  a  rusty 
coating  on  the  joints,  have  furnished  the  following  fossils : 

Didymogrcbptu8  superstes  (Lapw.)  ;   Dieellograptus  sextnns  (Hall.) 

Coenograptu<t  grctcilts  (HaJl,)  '  ,,  sp. 

,,  pertenuis  (La.pw.)  „  pattUosus  (lApw.) 

Diplogfrctptus  eughfphus  (Lapw.)  i   Dicrcmoaraptus  ramoaus  (Hall.) 
WhU 


foliaceus  (Murch.) 
Oryptograpttis  tricomis  (Carr.) 


tfiddi  (Hall.)  Climaeograptus  bicomis  (Hall.) 


coekttus  var.  antiquui 


^Lapw.^ 
Lanograptiis  bimucronai'iis  (HaXL,)  ,,  Schdrenberai  (iMpw,) 

IXeellogntptus  rn^ff(Uen9u  (C&XT.)  !   Leptograpt^is  Jlaectdus  (ReSl.) 


«« 


divariccttus  (Hall.)  |   Siphmotreta  micula  (M*Coy.) 


On  the  south  bank  of  this  stream,  opposite  the  spot  where  the 
foregoing  list  of  graptolites  was  collected,  grey  mudstones  with 
leaf-like  black  seams  and  greywackes  occur,  the  dark  seams 
yielding  zonal  forms  of  the  Olenkiln  division.  About  300  yards 
further  up  the  section,  near  a  small  linn,  grits  and  shales  with 
dark  strains  are  exposed,  the  sequence  of  beds  differing  lithologi- 
cally  from  those  just  referred  to,  which  furnish  the  typical  Glen- 
kiln  graptolites.  Yet  the  dark  seams  afforded  the  following 
zonal  Glenkiln  forms : 

Ccenograptus  gracilis  (Hall.)  Diplograpiuii  euglyphus  (Lapw.) 

Ixuiograptxu  bimucronaUu  (Nich.)  ,,  perexcavtxius  (Lapw.) 

DiceHograptus  sextans  (Hall.)  >    Oryptagraptus  tricomis  (Carr.) 

Dicranograptus  ramosus  (HbAI.)  i    (htynoides  ealycvlaris  (Nich.) 

Climaeograptus  bicomis  (Hall.)  , 

The  Cross  Water,  from  the  Linn  Dubh  to  the  village  of  Barr- 
hill, flows  over  a  constant  repetition  of  grey  shales  with 
black  strains  and  greywackes,  the  dark  seams  yielding  various 
zonal  Glenkiln  forms,  including  Ccenograjdvs  gracilis,  LasiograpttLS 
himucronatus,  Bicellograpius  sextans,  Biplograptiis  euglyphxis.  Similar 
fossiliferous  bands  were  observed  in  the  river  Duisk  opposite 
Blair  Farmhouse,  and  in  the  Feoch  Bum,  near  Laggan  Wood, 
one  mile  east  of  Barrhill  village,  and  again  near  the  head  of 
Laggish  Bum,  north  of  Chirmorie. 

From  the  evidence  now  brought  forward,  it  is  apparent  that 
in  the  Barrhill  district  the  Glenkiln  division  of  the  Moffat  region 
(Upper  Llandeilo)  must  be  represented  by  grits,  greywackes, 
and  shales  associated  with  thin  fossiliferous  seams  yielding  Glen- 
kiln graptolites ;  for  though  there  is  undoubtedly  much  redupli- 
cation of  the  strata,  it  is  obvious  that  the  sections  cannot  be 
explained  by  the  repetition  of  only  one  thin  seam  charged  with 
Glenkiln  forms.     Tnroughout  the  Barrhill  district  the  Arenig 
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cherts  have  not  been  met  with ;  they  do  not  appear  for  three 
miles  to  the  noi*th-west  of  that  village,  where,  in  the  valley  of 
the  Muck  Water,  they  are  associated  with  Arenig  lavas. 

Kirriemore  Burn,  Minnoch  Water  (Sheet  8). — 
In  the  basin  of  the  Minnoch  Water,  in  the  Kirriemore  Burn, 
east  of  Kirriereoch  Loch,  black  shales  and  thin  dark  seams 
alternate  with  grey  shales  and  grits,  which  have  been  traced 
south-westwards  to  the  Minnoch  and  north-eastwards  to  the 
Cross  Burn,  south  of  Tarfessock  Hill.  Perhaps  the  best  sections 
are  those  in  the  Kirriemore  Bum,  where  the  strata  are  repeated 
by  folds,  and  where  one  or  two  fossiliferous  localities  have  been 
recorded.  Graptolites  aiv  not  readily  obtained  in  the  more  platy 
black  shales  witli  iron  pjnites.  In  the  bank  of  this  bum,  about 
a  mile  east  of  Kii-riereoch  Loch,  the  black  shales  dip  S.S.E.  at 
78°,  and  have  yielded  the  following  fossils : 

Didymograptus  superstes  (Lapw.)  Leptograptua  flaccidus  (Hall.) 

Lasiograptus  bimucronatus  (Nich.)  Dicranograptua  minvmus  (Lapw.) 

DiceUograpttu  sextans  (HaU.)  ,,              ramosua  (HaU.) 

,,            flexuosus  (Lapw.)  ,,             formoaus  (Hopk.) 

,,            p(UtUoaua(L&p'w.)  Oryptograptus  tricornis  {C&tt.) 

Diplograptus  etiglyphus  (LApw.)  ;    Climacograptus  hicornis  (lia}l.) 

,,           fcliaceus  (Murch.)  ,,             pdtifer  (Lapw.) 

,,           ptrexcavatus  (Lapw.)  Brachiopod. 

Olossograptus  Hinrhsi  (Hopk.)  ' 

Further  down  the  bum,  within  half  a  mile  of  Kirriereoch 
Loch;  where  grey  shales  alternate  with  black  seams  embedded  in 
grits,  Cryptograptus  tricornis^  Glimacograpius  bicomis,  Bvphgraptus 
foliaceus  were  collected. 

Craiglure  Old  Lodge  (Head  of  Girvan  Water). — 
When  we  pass  northwards  to  the  area  situated  between  the  north- 
west margin  of  the  Loch  Doon  granite  and  the  great  fault  which 
brings  the  Lower  Old  Red  Sandstone  against  the  Silurian  rocks, 
we  obtain  confirmatory  evidence  of  the  intercalation  of  the 
Olenkiln  fauna  in  coarse  sedimentary  deposits.  Various  ex- 
])osures  of  blue  or  grey  shales  with  dark  seams  interbedded 
with  massive  grits  and  greywackes  are  met  with  near  Loch  Lure, 
which  can  be  followed  westwards  for  two  miles  to  the  river 
Stinchar.  A  glance  at  the  Geological  Map  (Sheet  8)  will  show 
the  positions  of  several  outcrops  of  these  fossiliferous  shales  in 
that  region.  One  of  the  best  fossiliferous  localities  is  in  an  old 
slate  quarry  by  the  roadside,  near  the  ruins  of  Craiglure  Old 
Lodge,  where  dark  blue  shales,  dipping  S.S.E.  at  high  angles, 
have  yielded  the  following  assemblage  of  graptolites : 

Didymograpttu.  j  Ctimacograptu3tridentatii8(Lai,pw.) 

Gcsnograptua  gracilis  (Hall.)  '  ,,  Schdrenhergi  (Lapw.) 

,,  pertenuia  (Lapw.)  I  Diplograptus  euglyphua  (Lapw.) 

,,  nitidulua  (Lapw.)  |  „  foliojceua  (Murch.) 

Dic^Uograptua  moffatensis  (Carr.)  '  Dicranograptus  ramoaua  (Hall.) 

divaricatua  (Hall.)  ^  Onjptograptiia  tricomia  fCarr.) 

aextana  (Hall.)  |  Leptograptua  capilJ<tris  (Carr.) 

Hyaloatelia  fasciculus  (M *Coy . ) 


?» 

»» 

»» 


patnlosus  {\ji\iyr .) 
Climacograptus  bicornia  (Hall.) 
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Again,  on  the  banks  of  the  river  Stinchar,  not  far  to  the  south 
of  Craigliu'e  new  lodge,  similar  dark  blue  shales  have  furnished 
the  graptolites  given  in  the  annexed  list: 

Cixnograptus  pertenuis  (Lapw. )  Diplograptus  foliaceus  (March. ) 

Dicdlograptua  sextans  (JBsSl.)  ,,  mwcrcmaiiw  (Hall.) 


pa^tiiosK^  (Lapw.)  Oryptograptustricomis{CBXT.) 

(Mma^cograptus  bkornis  (J^dSi.)  Glossograptus  Hincksi  (Ho^V.) 

Diplograptus  eugUfphus  {Ia^w.) 

The  strata  throughout  the  area  surrounding  Loch  Lure  are 
isoclinally  folded,  the  general  dip  of  the  strata  being  south- 
easterly. 

Sediments  of  Caradoc  Age  overlifing  the  Ghnliiln-Hartfell  Shales  to 
the  North  of  the  Llandoveri/  Area  in  Wigtownshire  and  the 
Western  part  of  Kirkcudbrightshire, 

In  the  region  lying  to  the  north  of  the  Llandovery  boundary 
line  in  the  county  of  Wigtown  and  the  western  part  of  Kirkcud- 
brightshire, certain  sediments  may  with  considerable  probability 
be  referred  to  the  Caradoc  formation.  The  evidence  adduced 
in  the  forgoing  pages  leads  to  the  conclusion  that  along  the 
strike  of  the  Curlej^wee,  Glassoch,  and  Gabsnout  band  of  black 
shales  (pp.  387-395),  the  Diplograptus  quadriimicronattcs  zone 
(Lower  Cai'adoc)  of  tJie  Hartfell  black  shales  is  represented,  and 
that  on  the  strike  of  the  Tannylaggie  and  Glen  Trool  band  the 
Olimacograptus  caudatus  sub-zone  (Lower  Caradoc)  has  been 
recorded.  It  is  therefore  fair  to  infer  that  the  coarse  sediments 
which  occupy  the  synclinal  folds  between  these  outcrops  may  be 
of  Caradoc  age. 

Along  the  south  side  of  the  Morroch  Bay,  Gabsnout,  and 
Curlejnvee  bands  of  black  shale  a  prominent  zone  of  shales,  with 
greywackes  and  occasional  pebbly  grits,  is  regarded  as  the  repre- 
sentative of  the  Barren  Mudstones  of  the  Moffat  area.  The 
only  localities  where  the  Moffat  black  shales  have  been  noted 
as  appearing  in  the  midst  of  these  grey  shales  between  the  Cree 
and  Water  of  Luce  are  (1)  at  Glenhowl,  south-east  of  Camrie, 
and  (2)  between  Glassoch  and  the  Cree.  The  rocks  immediately 
in  contact  with  the  black  shale  bands  between  Gabsnout, 
Glassoch,  and  Cardorkin  generally  consist  of  greywackes  or  grits, 
followed  by  gi'ey  shales.  Those  which  succeed  the  Tannylaggie 
black  shales  on  the  south  side  are  composed  of  grey  shales  with 
dark  sti'ains,  succeeded  by  grey  rusty  iiTegulaily- jointed  grey- 
wackes, with  partings  of  grey  and  blue  micaceous  shales.  A 
feature  in  this  series  is  the  occurrence  of  a  band  of  fine  conglo- 
merate or  pebbly  grit,  the  pebbles  in  which  i-ange  from  the 
size  of  a  pea  to  two  or  three  inches  in  length,  and  consist  of 
G[uartz,  black  and  grey  shales,  chert,  and  greywacke.  The  rock 
is  sparingly  fossiliferous,  fragments  of  Ptilodictya,  Petraia^ 
Heliolitesy   and  crinoid   stems  having   been   obtained  from  the 
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exposures  near  the  Snaip  and  from  the  head  of  the  bum  a  mile 
and  a  half  north  of  Glassoch.  This  fossiliferous  grit  is  well  seen 
on  the  north  bank  of  the  river  Bladenoeh,  about  half  a  mile 
south-west  of  the  Snaip,  whence  it  can  be  traced  north-eastwards 
to  the  Cree.  South-westwards  it  has  been  observed  on  Eldrig 
Fell  and  Balmurrie  Fell  (north-west  corner  of  Sheet  4). 

In  the  belt  of  sediments  extending  from  the  Tannylaggie  black 
shales  to  the  Drumabrennan  outcrop  (p.  397) — a  distance  of  2^ 
miles — ^the  Moffat  Shales  come  to  the  surface  along  an  axial  fold 
in  a  tributary  of  the  Bladenoeh  about  a  mile  and  a  half  S.S.E. 
of  Snaip.  It  is  probable,  therefore,  that  no  great  thickness  of 
sediments  overlies  the  Glenkiln-Hartfell  Shales  in  the  north- 
western part  of  Sheet  4. 

As  regards  the  area  between  the  Glen  Trool,  Tannylaggie, 
and  New  Luce  black  shale  bands  on  the  south,  and  the  valleys 
of  Glen  App  and  Glen  Muck  on  the  north,  it  would  be  obviously 
unsafe  in  the  present  state  of  our  knowledge  to  indicate  the 
relative  age  of  the  coarse  sediments  associated  with  the  black 
shales.  Owing  to  the  disappearance  throughout  that  region  of 
the  zonal  Hartfell  graptolites  and  the  intimate  association  of  the 
Glenkiln  forms  with  shales,  greywackes,  and  pebbly  grits,  it  is 
pix)bable  that  a  large  part  of  these  coarse  sedmients  may  be  of 
tipper  Llandeilo  age,  and  that  some  portion  may  be  of  Caradoc 
age.  To  the  north  of  Glen  App  and  Glen  Muck,  however,  the 
Arenig  lavas,  radiolarian  cherts  appear  together  with  blue-black 
mudstones  which  are  charged  with  t}T)ical  Glenkiln  graptolites. 
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CHAPTEK  XIX. 

III.— THE   GIRVAN   DISTRICT. 

ARENIG-LLAWEILO   VOLCANIC   SERIES  OF   BALLANTRAE   AND 

ASSOCIATED   SEDIMENTS. 

In  approaching  the  study  of  the  stratigraphical  arrangement  of 
the  volcanic  rocks  of  the  Ballantrae  region,  and  their  relation 
to  volcanic  zones  occupying  similar  horizons  throughout  the 
Southern  Uplands,  it  is  obviously  of  importance  to  begin  with 
those  sections  that  reveal  a  sequence  from  the  Arenig  lavas  and 
tuft's  with  the  overlying  cherts  to  those  blue-black  mudstones 
which  yield  an  undoubted  assemblage  of  Glenkiln  (Upper 
Llandeilo)  graptolites.  Several  sections  of  this  nature  occur  on 
the  shore  between  Glen  App  and  the  valley  of  the  Stinchar; 
some  at  the  margin  of  the  main  volcanic  area  north  of  the 
CuiTarie  Glen,  and  one  at  Portandea,  near  Glen  App,  where  the 
lavas  and  tuffs  form  a  small  inlier  among  younger  sediments. 

Area  between  Glen  App  and  Ballantrae. 

Portandea  Section  (Sheet  7  of  the  Survey  Map). — 
About  two  miles  round  the  shore  to  the  north  of  Glen  App,  the 
relations  of  the  strata  are  clearly  displayed  at  Portandea — a 
small  bay,  where  the  sea  laves  the  base  of  a  cliff  from  150  to 
300  feet  in  height.  On  the  north  side  of  this  bay  a  sloping 
beach,  from  thirty  to  forty  yards  broad,  merges  upwards  into  a 
raised  beach  that  separates  a  ridge  of  rock  on  the  seaward  side 
from  the  main  line  of  sea  clitt'.  The  hollow  occupied  by  the 
raised   beach    niiis    noa-thwards    for   a   distance    of   350    yai'ds 

(Fig- 99)- 

On  the  north  side  of  the  bay  and  along  the  eastern  limit  of 

the  sandy  beach,  the  volcanic  rocks  appear  for  a  space  which 
from  north  to  south  measures  about  100  feet.  The  lowest  visible 
bed  rising  from  the  sandy  beach  is  an  amygdaloidal  diabase-lava 
of  a  green  tint  with  small  vesicles,  and  showing  the  pillowy  struc- 
ture already  so  often  referred  to  and  so  conspicuous  on  the 
Downan  shore,  to  be  described  presently.  It  encloses  occasional 
blocks  or  patches  of  red  mudstone  and  chert,  and  the  pillow- 
shaped  masses  of  lava  ai-e  surrounded  by  calcareous  matter. 
Thi^  bed  of  lava,  which  is  about  twenty-one  feet  thick  (1  B) ,  is 
overlain  by  a  band  of  fine  tuff,  followed  by  alternations  of  coarse 
and  fine  agglomerate  or  breccia  (1  Ts.),  which  contain  numerous 
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small  angiilar  fragments  of  red  chert.  Higher  up  the  clifiE  the 
agglomerate  is  succeeded  by  twenty- seven  feet  of  fine-grained 
slaggy  lava  resembling  the  lower  bei. 

Overlying  this  volcanic  zone,  red  radiolarian  cherts  and  mud- 
stones  (1  and  2  C,  Fig.  99)  are  vifrible  on  the  cliff  and  on  a  pro- 
minent stack  to  the  south-east  of  the  volcanic  rocks.  The  upper 
bed  of  lava  dies  out  southwards,  and  the  red  cherts  and  mud- 


NW 
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Kio.  99. — Section  of  Strata  at  Portandea,  South  of  River  Stinchar. 


IB.  Diabase  lava.  ITs.  Agglomerate  (Arenig).  1&2C.  Radiolarian  chert. 
2a.  Dark  shale  with  Glenkiln  graptolites.  2.  "Tappin's  Group." 
B.  Dolerite  dyke  (Tertiary).  ^^  Beach  deposits. ^^>- Boulder  clay. 

stones,  which  rest  directly  on  the  agglomerates,  are  succ^ded  by 
green  mudstones;  the  united  thickness  of  the  red  and  green 
beds  being  upwards  of  forty  feet.  They  dip  to  the  south-east, 
and  are  followed  in  normal  order  by  green  mudstones  and  grey- 
wackes,  which  include  a  band  of  dark  or  blue-black  mudstone 
that  breaks  with  an  irregularly  conchoidal  fractiire  (2a).  This 
recognisable  bed,  exposed  about  fifty  yards  to  the  south-east  of 
the  volcanic  rocks,  is  charged  with  graptolites  characteristic  of 
the  Glenkiln  division  as  well  as  with  small  brachiopods ;  the 
former,  though  stunted  in  development,  are  nevertheless  well 
preserved  and  easily  determinable.  The  fossils  given  in  the 
annexed  list  were  here  obtained : 


Dicranograptus  zic-zac  var.  mijiimus 

(Lapw.) 
Cc&nog^raptus  pertenuia  (Lapw.) 
Diplograptua  euglwphus  (Lapw.) 
(Mmacograpiua  Schdrenbergi  (Lapw.) 
Diedhgraptua  sextans  (Hall.) 

moffatensis  (Carr.) 


-  >♦ 


Dicellograptus patulosus  (Lapw.) 
Dendrograptus  sp. 
Lingulella  lepis  (Salt.) 
Acrothele  granulata  (Linnr.) 
Ol)olella  sp. 
Discina  sp. 
Sponge-like  body. 


The  occurrence  of  fragments  of  Dendrograptus  in  this  assem- 
blage is  worthy  of  note,  as  this  genus  rarely  appears  in  the 
Glenkiln   Shales   throughout  the   uplands;    still  it  has   been 
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recorded  from  that  horizon  in  the  Snar  Water,  near  Suar  Castle 
(see  p.  321),  in  the  Leadhills  area. 

The  vstrata  in  the  section  at  Portandea,  from  the  Arenig 
volcanic  rocks,  radiolarian  cherts,  and  mudstones,  to  the  blue- 
black  mudstones  with  Glenkiln  gi^aptolites,  form  one  limb  of  an 
arch  which  is  truncated  by  a  fault  that  runs  in  a  north  and  south 
direction  along  the  hollow  occupied  by  the  raised  beach  at  the 
base  of  the  cliff.  The  rocks  that  form  the  seaward  ridge  west 
of  the  raised  beach  consist  of  green  mudstones  and  greywackes 
with  a  south-east  dip. 

About  150  yards  to  the  S.S.E.  of  this  section,  the  red  cherts 
and  green  mudstones  are  again  brought  to  the  surface  by  two 
isoclinal  folds.  Along  the  west  side  of  the  westmost  fold,  a 
north  and  south  fault  truncates  the  green  cherts  and  brings  them 
in  contact  with  the  overlying  green  mudstones  and  greywackes. 
From  the  amount  of  debris  of  the  dark  graptolitic  muastone  at 
the  base  of  the  cliff  it  is  clear  that  this  band  must  occur  at 
several  localities  on  the  adjoining  slopes. 

In  a  grassy  field  about  500  yards  to  the  north-east  of 
Portandea,  a  small  quarry  hole  shows  the  dark  graptolitic  mud- 
stone  belonging  to  the  same  horizon  and  pelding  Demlrograpkis, 
Dicranograpttis  minimus^  Dicellograptvs  sextwas,  and  Climacograjptxis 
aelatus. 

At  a  point  about  300  yai*ds  to  the  S.S.W.  of  Portandea, 
another  outcrop  of  the  green  cherts  and  mudstones  with 
radiolaria  may  be  seen  near  the  foot  of  the  March  Bum. 
Higher  up  the  section,  near  the  foot  of  some  cascades,  the  dark 
graptolitic  mudstone  appears.  The  grey  mudstones,  shales,  and 
grejnwrackes,  which  follow  the  graptolitic  mudstones  in  normal 
order,  have  cei'tain  peculiar  lithological  characters,  which  are 
recognisable  along  the  south-eastern  margin  of  the  Stinchar 
volcanic  area.  Indeed,  they  have  been  traced  from  the  shore  at 
Portandea  north-east  to  the  Tappins  Hill,  in  the  valley  of  the 
Stinchar,  about  six  miles  E.N.E.  of  Barr.  The  greywackes  have 
a  regular  system  of  jointing,  weather  with  rounded  edges,  and 
vary  from  a  few  inches  to  a  foot  or  more  in  thickness.  Though 
these  beds  have  been  carefully  searched  at  various  localities  they 
have  failed  to  yield  any  trace  of  organic  remains.  For  the  sake 
of  convenience,  they  will  be  referred  to  as  the  "  Tappins  group  '* 
in  the  description  of  the  rocks  on  the  south  side  of  the  Stinchar 
valley. 

On  the  shore  about  a  quarter  of  a  mile  north  of  Portandea,  the 
red  mudstones  are  arranged  at  the  foot  of  the  cliff,  in  a  series  of 
four  isoclinal  folds  within  a  distance  of  fifty  yards.  One  of  the 
folds  extends  for  a  distance  of  300  yards  along  the  cliff,  and 
passes  underneath  the  sea  to  the  north  of  Poi-tandea.  The  cores 
of  the  arches  are  formed  of  red  cherts  with  radiolaria  and  mud- 
stones ;  these  are  succeeded  by  green  mudstones  containing 
nodules  of  greeit  and  grey  chert,  sandy  calcareous  nodules  froni 
the  size  of  marbles  to  blocks  a  foot  and  upwards  in  diameter,  and 
lenticular  masses  of  grit.     The  nodules  of  green  and  grey  chert 
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are  crowded  with  radiolaria.  These  are  followed  by  green  mud- 
stones,  dark  shales,  and  greywackes,  the  general  dip  of  the  strata 
being  eastwards.  Some  of  the  dark  shale  bands  occupy  the 
position  of  the  graptolite  shales  in  the  Portandea  section  just 
described. 

Northwards,  on  the  shore  near  Turf  Hill,  and  to  the  west  of 
Glendrishaig  House,  the  red  mudstones  and  cherts  are  visible 
on  another  isocline,  where,  on  the  north  side  of  the  outcrop, 
they  come  in  contact  with  green  sandy  greywackes,  shales,  and 
mudstones  which  dip  to  the  south-east  at  30^  The  shore  north- 
wards from  Glendrishaig  to  Brakness  Hole  presents  a  constant 
repetition  of  green  mudstones  and  greywackes,  dipping  towards 
the  south-east  at  angles  from  40°  to  50°.  The  strata  are  cleaved, 
the  planes  of  cleavage  being  at  a  slightly  higher  angle  than  those 
of  the  bedding. 

Olen  Currarie,  Shallochbraik  Burn,  and  Brak- 
ness Hole. — Another  inlier  of  Arenig  volcanic  rocks  and 
radiolarian  cherts  is  traceable  for  about  a  mile  and  a  half  from 
Glen  Currarie  across  Shallochbraik  Bum  to  Brakness  Hole,  on 
the  shore  noi-th  of  Glendrishaig.  Beginning  with  the  section  in 
Glen  Currarie  at  the  northern  limit  of  this  inlier,  we  find  at 
the  mouth  of  the  glen  green  mudstones,  flags,  and  sandy  grey- 
wackes ("Tappins  group,")  rolling  about  at  gentle  angles  and 
rising  northwards  to  50°  and  60°,  the  beds  being  well  displayed 
at  the  side  of  a  road  leading  to  Currarie  Farmhouse.  Near  the 
mouth  of  the  Shallochbraik  Bum,  which  joins  the  main  stream 
about  300  yards  up  the  glen,  the  red  mudstones  and  radiolarian 
cherts  appear  on  the  south  bank  of  the  Currarie  Bum.  For 
nearly  400  yards  along  the  glen,  above  this  junction,  the  stream 
forms  the  boundan^  between  the  red  cherts  with  radiolaria  on 
the  south-east  bank  and  the  green  mudstones  and  greywackes 
on  the  north-west  side  of  the  stream,  the  gi'aptolitic  mudstones 
not  being  visible  at  this  locality.  Where  the  red  cherts  cross 
the  glen,  400  yitrds  above  the  junction  of  the  streams,  they  are 
well  displayed,  the  radiolaria  occurring  in  abundance.  About 
fifty  yards  above  this  point  the  red  jaspideous  cherts  rest 
directly  on  dark  fine-gi'ained  lava,  followed  by  the  peculiar  green 
**  diabase- poii)hyrite'  which  is  so  prominently  developed  in  the 
volcanic  zone  of  this  inlier.  It  here  forms  the  floor  and  walls  of 
a  rocky  gorge,  and  is  succeeded  by  a  bed  of  volcanic  agglomerate 
visible  on  me  north  bank  of  the  stream.  This  agglomerate  is 
followed  by  a  mass  of  "  diabase-porphyiite  "  lava  wnich  occupies 
the  section  for  a  distance  of  100  yards. 

In  the  south-east  limb  of  the  fold  the  red  mudstones  and  cherts, 
owing  to  the  reduplication,  occupy  the  stream  for  250  yards. 
In  the  midst  of  these  cherts,  the  diabase- porphyrite "  appears 
on  a  small  fold,  close  to  the  spot  where  a  gi'ey  felsite  dyke 
traverses  the  section  in  a  W.N.W.  direction.  The  eastmost 
exposure  of  the  cherts  in  Glen  Currarie  lies  about  1150  yards 
up  from  the  coast  line.  These  rocks  are  then  succeeded  by  green 
mudstones,  flags,  and  greywackes. 
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The  Shallochbraik  Burn  likewise  funiishes  a  cross- section  of 
the  same  isoclinal  arch  of  Arenig  volcanic  rocks  and  cherts.  On 
the  north  limb  of  the  fold,  red  cherts  and  mudstones  appear  at 
the  foot  of  this  bum,  and  stretch  along  the  channel  for  a 
distance  of  100  yards.  They  are  much  folded  where  pierced  by 
a  dyke  of  hornblende-felspar  rock.  .Their  junction  with  the 
Arenig  lava  is  visible  at  the  point  where  the  burn  issues  from 
a  rocky  gorge,  the  lava  being  a  fine  example  of  the  typical  v 
"  diabase-porphyrite "  (porjido  verde  antirpw),  with  large  green 
porphyritic  felspars  in  a  green  fine-grained  matrix.  For  a 
distance  of  from  300  to  400  yards  the  sti*eam  flows  through  the 
gorge  which  has  been  carved  out  of  the  bedded  lavas.  At  the 
upper  end  of  the  ravine  the  cherts  and  mudstones  appear  on  the 
south  limb  of  the  fold.  In  the  core  of  the  volcanic  zone  in  this 
section  the  fine-grained  slaggy  diabase-lava  appears,  followed 
on  both  sides  by  the  "  diabase-porphyrite."  On  the  south  limb 
of  the  fold,  owing  to  repetition  by  folding,  a  continuous  section 
of  the  red  cherts  and  mudstones  is  traceable  for  a  distance  of 
100  yards,  and  even  beyond  this  main  outcrop  and  within  the 
succeeding  green  mudstones  and  greywackes,  three  arches  of  the 
red  mudstones  and  cherts  may  be  selected. 

In  a  south-west  direction  towards  Brakness  Hole  on  the  shore, 
much  of  the  evidence  is  concealed,  as  the  area  is  mostly  under 
cultivation  and  only  isolated  rock- exposures  are  visible.  The 
lavas  in  the  core  of  the  arch  in  Shallocnbraik  Bum  are  traceable 
for  800  yards  to  the  S.S.W.,  and  are  flanked  on  the  south-east 
side  by  red  mudstones  and  cherts.  It  is  appai*ent,  however,  that 
the  volcanic  rocks  are  gradually  "nosing  out"  towards  the 
S.S.W.,  for  the  folds  in  that  direction  are  represented  in  the 
overlying  red  chei-ts,  green  mudstones,  and  greywackes.  The 
rapid  isoclinal  folding  is  evidently  accompanied  by  faulting,  for 
on  the  north  side  of  the  inlier  south  of  Curi'urie  Fort  the  green 
mudstones  and  greywackes  are  brought  into  contact  with  the 
lavas.  The  cheris  can  be  traced  more  or  less  continuously 
through  the  fields  to  the  shore  at  Brakness  Hole  north  of  Olen- 
drishaig,  whei*e  a  fine  exposure  displays  their  characteristic 
ribbed  character  and  highly  contorted  bedding.  At  the  edge 
oi  the  sea  clifE  that  overlooks  the  northern  edge  of  Brackness 
Hole,  a  small  core  of  diabase-porphyrite  lava  protiudes  through 
the  cherts,  and  is  sepai*ated  by  a  few  yards  of  red  chert  from  a 
second  core  of  Arenig  lava,  which  can  be  traced  uj)  the  slope 
for  a  distance  of  100  yards.  From  the  fine  cliff-section  at  the 
head  of  Brakness  Hole  it  is  apparent  that  the  strata  must  be 
an*anged  in  sharp  folds,  because  the  red  cherts  run  out  seawards 
in  a  tongue- shaped  form,  in  the  midst  of  mudstones  and  grey- 
wackes. 

In  the  cove  south  of  Brakness  Hole  three  anticlines  of  the 
radiolarian  cherts  crop  out  in  the  midst  of  the  green  mudstones, 
flagstones  and  greywackes. 

It  is  a  disappointing  feature  of  this  inlier  that  the  graptolitic 
mudstonc  which  at  Poiiandea  overlies  the  radiolarian  cherts 
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and  mudstones  has  not  here  been  detected  in  a  similar  position, 
though  a  careful  search  for  it  has  been  made.  The  cherts  and 
red  mudstones  are  followed  by  the  barren  gre«n  mudstones, 
flags,  and  greywackes  ("  Tappins  group  ").  We  shall  now  adduce 
certain  sections  at  the  margin  of  the  m€un  volcanic  area  north 
of  Currarie,  where  the  vcj^canic  rocks  and  cherts  are  succeeded 
by  blue-black  mudstones  jdelding  Glenkiln  graptolites. 

Shore  Section  between  Currarie  and  Downan 
Point  south  of  the  River  Stinchar. — Northwards  along 
the  shore  from  Port  Currarie  for  a  distance  of  half  a  mile,  impor- 
tant evidence  may  be  gathered  I'especting  the  relations  of  the 
Ballantrae  volcanic  rocks  to  sediments  of  Llandeilo  age.  Grap- 
tolites of  Glenkiln  type  have  been  obtained  at  two  localities 
from  blue-black  mudstones  which  overlie  in  one  case  radiolarian 
cherts  and  mudstones,  and  in  the  other  volcanic  agglomerates 
and  lavas. 

The  promotory  on  the  north  side  of  Port  Currarie  is  formed 
of  green  mudstones  and  sandy  greywackes.  The  separate  beds 
of  the  latter  measure  generally  about  a  foot  or  so  in  thickness, 
though  in  some  instances  they  reach  four  or  five  feet.  These 
strata,  which  weather  with  the  characteristic  roimded  outlines  of 
the  "  Tappins  group,"  are  repeated  by  many  folds,  and  occupy 
the  coast  line  for  a  distance  of  200  yards  north  of  Port  Currane, 
as  far  as  an  outcrop  of  blue-black  f ossiliferous  mudstones  which 
form  a  dip  slope  seawards  at  an  angle  of  60°,  and  fold  round  an 
exposure  of  red  mudstones  and  cherts  visible  at  the  base  of  the 
cliff.  The  stratigraphical  horizon  of  this  band  can  only  be  a  few 
feet  above  the  red  mudstones  and  cherts.  The  bed  is  not  very 
accesiiible,  but  it  furnished  the  following  Glenkiln  ioiins  after 
a  short  search :  Didyni'Ograptiis,  Climawgraptus  coelatus,  Dieellch 
graptiis  sextans,  D,  divaricatiLS,  and  DicrcmograptiLS  sp.  There 
can  be  little  doubt  that  a  more  prolonged  examination  would 
increase  this  list. 

Northwards  the  green  mudstones  and  greywackes  of  the 
"  Tappins  group  "  are  truncated  by  a  fault,  beyond  which  the  red 
mudstones  and  cherts  succeed.  Here  the  cliflE  is  for  the  most 
part  inaccessible,  but  at  its  base  the  slaggy  lava  is  exposed  on 
one  or  more  folds.  At  a  point  300  yards  north  from  Currarie 
Port  a  well-marked  reversed  fault  slopes  northwards  at  an  angle 
of  80°,  and  gives  origin  to  a  clifi*  nearly  at  right  angles  to 
the  trend  of  the  coast  line.  On  the  north  side  of  this  dislocation 
the  red  cherts,  mudstones,  and  associated  lavas,  which  are  there 
thrown  into  a  series  of  sharp  folds,  have  been  made  to  over-ride 
the  red  mudstones  and  cherts  on  the  south  side  of  the  thrust 
plane.  A  short  distance  to  the  north  another  fault  at  a  high 
angle  gives  rise  to  a  similar  feature,  and  affects  beds  belonging 
to  the  same  horizons.  It  trends  to  the  north,  and  is  probably 
reversed.  On  the  north  side  of  this  disruption  there  is  a  mucn 
larger  development  of  the  lavas  than  on  the  south  side. 

At  a  point  600  yards  north  from  Currarie  Port,  the  sequence 
from  the  volcanie  rocks  to  the  fossiliferous  mudstones  with 
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Olenkiln  g^ptolite»  may  be  a^^n  traced.  A  small  dry  water- 
course here  traverses  tiie  strata  from  the  top  of  the  Knockgown. 
cliff  at  a  height  of  250  feet  to  the  sea  level.  Its  position  on  the 
coast  is  due  west  of  Currarie  Farmhouse.  The  accomjianying 
horizontal  section  {Fig.  100)  shows  that  between  the  top  of  th© 
cliff  and  the  sea-level,  the  rocks  are  arranged  in  a  syncline  and 
anticline,  the  graptolitic  mudstonea  forming  the  centre  of  the 
trough. 


Fni.  100. — Section  «t  Knockgown,  North  of  Currarie,  BollAntfae,  Ayrshire. 
IB.  DisbMe  lava. 
ITa.  Agglomerate. 

2.  Dark  ahnle  with  Glenkiln  graptolites. 

a.  Porphyritic  lava  with  pillow- atructure,  37  ft. 

b.  Agglomerate  with  blocks  of  black  chert.  29  ft. 

e.    Lenticulnr  pillowy  porphyritic  lava,  17  ft.  greatest  breadth. 
d.  Red  radiolarian  cherta,  5j  ft.  above,  a  few  inches  below. 
«.  Red  mudstones,  3  ft. 

^  U.  MadBtine.  10  in.  8™""  "?''!';■  "">;'"  '*^; 


j.    FofisiUferous  mudstoaes,  5^  ft. 

k.  Agglomerate  (calcareous),  7  ft. 

I,    Green  and  grey  mudsUmes,  10  ft. 

m.  Agglomerate  with  lenticular  bed  of  lava,  26  ft. 

n.  Oreen  and  red  mudstoneB  and  cherts,  7  ft. 

0.  Ash  or  agglomerate,  9  ft. 

p.  Green  and  red  mudstone,  ashy,  6  ft. 
q.  A^lomente,  23  ft. 
r.   FeUtone  dyke,  pink. 

1.  Agglomerate. 

t.    Radiolarian  chert. 
u.  Affilomerate. 
X.  Fdbitedyke. 
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On  the  hill  slope  at  the  top  of  the  clifiE  the  green  porphyritio 
lava  18  well  shown,  and  closely  resembles  the  rock  of  the  same 
type  in  the  Glen  Currarie  "inlier"  already  described.  Hero, 
too,  it  forms  a  conspicuous  feature,  and  has  been  quarried  for 
dyke-building.  The  lava  from  this  quarry  shows  green  porphy- 
ritio felspars,  often  measuring  more  than  a  quarter  of  an  inch 
across,  in  a  fine-grained  almost  black  matrix.  Under  the  micro- 
scope (Xo.  5921)  "  the  green  colour  of  the  porphyritic  felspars  is 
found  to  be  due  to  chlorite.  The  ground  mass  is  composed  of 
lath-shaped  plagioclase,  augite,  chlorite,  and  iron-ores,  including 
pyrite.  The  structure  is  sub-ophitic.  The  original  rock  was 
probably  a  porphyritic  dolerite.  The  rock  is  a  typical  diabase- 
porphyrite  according  to  German  nomenclature." 

Beginning  at  the  top  of  the  clifE  and  descending  the  section, 
we  find  a  slaggy  lava  (a,  in  Fig.  100),  in  which  the  materials 
filling  the  cavities  have  largely  decomposed  out,  and  the  vesi- 
culai'  character  of  the  rock  is  very  apparent  on  weathered 
surfaces.  This  slaggy  lava,  which  is  about  thirty-eight  feet 
thick,  is  succeeded  by  about  twenty-nine  feet  of  volcanic  agglo- 
merate 6),  having  a  green  matrix  charged  with  rounded  blocks 
and  masses  of  slaggy  lava  together  with  fragments  of  black 
shale,  black  chert,  and  rare  fragments  of  red  chert.  These 
sedimentary  materials  have  probably  been  derived  from  the 
Arenig  black  shales  and  cherts.  The  average  size  of  the  blocks 
varies  from  one  to  three  inches,  but  some  measure  from  a  foot 
and  a  half  to  two  feet  acixyss. 

Near  the  top  of  this  agglomerate  a  lenticular  band  of  slaggy 
diabase-lava  (/)  occurs,  which  measures  seventeen  feet  thick  at 
the  bottom  of  the  gully,  but  thins  out  before  reaching  the  top  of 
the  crag.  It  is  succeeded  by  a  few  feet  of  tuff,  and  eventually  by 
the  red  radiolarian  cherts  and  mudstones  (d),  which  are  5 J  feet 
thick  at  the  top  of  the  crag,  and  thin  out  to  a  few  inches  down 
the  slope.  These  are  followed  at  the  top  of  the  scar  by  a  thin 
layer  of  volcanic  materials  and  sediments,  consisting  of  mud- 
stones  or  fine  tuff  with  fragments  of  red  and  green  chert  and 
occasional  blocks  of  porphyrite,  one  about  three  feet  across. 
This  b€md  is  overlain  by  green  mudstones.  The  succession  at  the 
base  of  the  cliff  is  somewhat  different,  for  near  the  point  where 
the  felsite  dy^je  crosses  the  dry  watercourse  the  thin  develop- 
ment of  cherts  is  followed  by  red  mudstones  (c),  the  two  bands 
measuring  about  three  feet  thick,  while  these  are  in  turn  overlain 
by  a  lenticular  bed  of  diabase- lava  upwards  of  thirteen  feet 
thick  at  the  broadest  part  (f).  Next  in  order  come  mudstones 
(g)  about  ten  inches  thick;  ash  and  calcareous  agglomerate  (A), 
3^  feet;  red  mudstones,  followed  by  green  mudstones  yielding 
fragments  of  graptolites  (i).  Yet  again  we  find  a  thin  lenticular 
band  of  green  tuff,  which  is  succeeded  by  the  important  zone  of 
fossiliferous  mudstones  with  Glenkiln  fossils  (2). 

The  geographical  position  of  this  fossiliferous  band  is  well 
defined,  because  the  mudstones  form  the  roof  and  walls  of  a 
marrow  cave  which  was  excavated  by  the  sea  when  the  land  stood 
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at  a  lower  level.  The  total  width  of  the  exposure  is  about  b\ 
feet,  and  as  the  strata  seem  to  lie  in  the  centre  of  a  syncline  the 
thickness  of  the  mudstones  will  be  about  three  feet.  Weathering 
spheroidally,  and  having  an  irregular  fracture,  the  fossiliferous 
beds  are  lithologically  quite  unlike  the  Glenkiln  Shales  of  the 
Moffat  region,  but  they  to  some  extent  resemble  the  graptolitic 
mudstones  that  overlie  the  Stinchar  limestone,  so  minutely  de- 
scribed by  Professor  Lapworth.  These  dark  blue,  green,  and 
f^rey  mudstones  yield  graptolites  more  frequently  in  certain 
ayers  than  in  others,  which  are  usually  preserved  in  the  solid 
and  often  in  a  perfect  state  of  preservation.  Here,  again,  as  at 
Fortandea,  the  occurrence  of  Dendrograpius  is  noteworthy  in 
association  with  many  characteristic  zonal  Olenkiln  gpraptolites, 
as  given  in  the  annexed  list : 


Dendrograpius  gracilis  (Hall.) 
Didymograptus  superstts  (Lapw.) 
„  serratulus  ?  (Hall.) 

, ,  extensus  1  (Hall. ) 

Callograpius  Salteri  ?  (Hall.) 
Dicranograptus  minimus  (I^pw.) 

,,  ramosu^  (Hall.) 

DicAlograptus  divaricatus  (HaU.) 

intortus  (Lapw.) 
moffatensis  (Carr.) 
patulosus  (Lapw.) 
sextans  (Hall.) 
YdT.  Jlexuosus  (Lapw.) 


»* 


»» 


»* 


Diplograptus  euglyphus  (Lapw.) 
,,  foliaeeus  (Murch.) 

Climacograptus  hicamis  (HaU.) 
,,  coelatus  (Lapw.) 

,,  Schdrenbergi  (Lapw.) 

Acrothele  sp. 

Acrotreta  sp. 

lAngtda  sp. 

Discina  sp. 

,,       or  K%ttorgina  sp. 

Siphonotreta  miada  (M*Coy.) 

Discinoid  shell. 

Sponge. 


The  westward  limb  of  the  svncline  presents  the  following 
sequence  in  descending  order :  — js'ext  the  fossiliferous  mudstones 
comes  a  band  of  agglomerate  {k)  about  seven  feet  thick,  charged 
with  blocks  of  vesicular  diabase-lava,  followed  by  ten  feet  of 
green  and  grey  mudstones  (/),  26  feet  of  volcanic  agglomerate 
(m)  with  a  lenticular  bed  of  lava,  seven  feet  of  green  and  red 
mudstones  and  cherts  (w),  nine  feet  of  tuff  (o),  five  feet  of  green 
and  red  mudstones  (p),  and  23  feet  of  volcanic  agglomerate  (y). 
Here  a  felsite  dyke,  about  fifteen  feet  broad,  traverses  tne 
volcanic  rocks,  and  below  its  outcrop  agglomerate  with  rounded 
blocks  of  diabase-lava  is  well  seen.  Westwards,  a  mass  of 
diabase-lava  with  pillow-structure  forms  probably  an  anticlinal 
fold,  for  it  is  succeeded  on  the  seaward  side  by  volcanic  agglo- 
merate similar  to  that  just  described,  and  by  an  outcrop  of  red 
mudstones  visible  in  a  little  skerry.  The  dry  watercourse  which 
descends  the  sea^cliff  marks  a  line  of  fault,  probably  of  no  great 
amount,  as  the  outcrops  of  the  beds  are  not  shifted  to  any  great 
extent. 

From  the  foregoing  descriptive  details  it  is  apparent  (1)  that 
the  blue-black  mudstones  charged  with  typical  Glenkiln  (Upper 
Llandeilo)  organisms  rest  directly  on  volcanic  rocks;  (2)  tnat 
beneath  the  mudstones  lies  an  alternating  series  of  tuffs, 
mudstones,  and  volcanic  agglomerate  with  lenticular  beds  of  lava, 
showing  that  during  various  pauses  in  the  volcanic  eruptions 
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ordinary  sedimentary  deposits  were  laid  down ;  {}})  that  from  the 
nature  of  the  agglomerates  the  local  centre  from  which  they 
were  discharged  may  be  supposed  to  have  probably  stood  near 
the  present  site  of  these  pyroclastic  materials ;  (4)  that 
as  the  radiolarian  cherts  have  nere  only  a  very  limited  develop- 
ment, it  is  reasonable  to  infer  that  the  prolonged  period  indicated 
by  the  mass  of  chert  elsewhere  in  the  uplands  is  here  represented 
by  the  alternating  series  of  volcanic  rocks  and  sediments;  (5) 
that  in  this  portion  of  the  Ballantrae  region  the  evidence  points 
to  the  continuance  of  volcanic  activity  into  Lower  Llandeilo 
time. 

From  this  section  on  Curi'arie  cliff  northwards  for  about  two 
miles  to  Downan  Point,  a  continuous  exposure  of  volcanic  rocks 
forms  the  southern  termination  of  the  main  volcanic  area  of 
Ballantrae,  and  a£Eoi-ds  the  finest  sections  of  the  Lower  Silurian 
lavas  of  the  South  of  Scotland.  In  the  following  paragraphs  we 
shall  refer  to  the  general  characters  of  the  volcanic  materials 
on  this  part  of  the  coast  line  and  their  relations  to  overlying 
sediments. 

Not  far  to  the  north  of  the  section  on  Currarie  cliff,  at  the 
foot  of  a  small  stream  near  the  Dove  Cove,  a  synclinal  fold  shows 
ashy  red  mudstones  with  radiolarian  cherts,  bounded  on  both 
sides  by  volcanic  agglomerates  resting  on  diabase-lava.  In  the 
Dove  Cove  there  is  another  infold  of  agglomerate  without  the 
ashy  mudstones.  About  300  y€atis  further  north  a  deep  gully 
is  formed  by  the  weathering  out  of  a  gi'ey  porphyritic  felsite 
dyke,  which  traverses  the  volcanic  rocks. 

Wilson's  Bur n. — This  small  stream,  which  enters  the  sea 
about  a  mile, to  the  north  of  Currarie  Port,  displays  for  a  distance 
of  700  yards  an  excellent  section  of  the  volcanic  rocks,  radio- 
larian cherts,  and  overlying  green  mudstones  and  greywackes 
(Tappins  group). 


Sr*iU»ri 


Fig.  101. — Section  in  Wilson's  Bum,  between  Currarie  and  Downan, 

Ballantrae. 

IB.    Arenig  volcanic  rocks.       1&2C.    Radiolarian  chert.       2.    **Tappin8 
Group  "  (Lkndeilo).  -^^  Boulder  clay.  ^:^  100  Feet  Beach.  '^^  25  Feet  Beach. 

In  the  ascent  of  the  burn  from  the  sea  level,  the  slaggy 
diabase-lavas  are  well  seen  on  the  cliff,  but  inland  for  a  short 
distance  they  are  buried  under  boulder  clay.  They  are  visible, 
however,  in  the  bed  of  the  stream  and  on  the  south  bank  at  a 
distance  of  250  yards  from  the  shore,  where  they  come  in  contact 
willi  the  chocolatercoloured  mudstones  and  radiolarian  cherts. 
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^o  agglomeratee  here  occur  between  the  cherts  and  lavas.  These 
red  cherts  are  immediately  succeeded  by  the  green  mudstones 
and  greywackes  (Tappins  group),  which  extend  for  a  distance 
of  70  yards,  followed  by  the  red  mudstones  on  another  anticlinal 
fold.  Eastwards  as  far  as  the  fork  of  the  stream,  a  compound 
synclinal  fold  extends,  composed  of  green  mudstones  and  grey- 
wackes, within  which  occur  two  minor  folds  of  the  red  cherts 
that  underlie  the  mudstones  visible  on  the  north  cliiBE.  At  the 
fork,  a  well-marked  anticlinal  arch  of  the  red  mudsfones  and 
cherts  is  truncated  by  a  fault  on  the  north-west  side  which 
brings  massive  greywacke  in  contact  with  the  cherts.  Above  the 
fork,  in  the  main  stream,  a  broad  compound  anticline  of  the  red 
mudstones  and  cherts  is  followed  by  green  mudstones  and  grey- 
wackes. Here  the  sti^ta  disappear  under  a  covering  of  boulder- 
clay.  In  this  important  section  the  fossiliferous  mudstones  have 
not  been  detected,  but  their  position  must  be  near  the  base  of  the 
green  mudstones  and  greywackes. 

Between  Dove  Cove  and  Downan  Point  the  coast  displays  a 
magnificent  section  of  the  bedded  lavas,  which  here  present 
remarkably  uniform  lithological  characters.  They  are  usually 
fine-grained  and  non-porphyiitic,  with  numerous  small  spherical 
vesicles  filled  with  calcitt\  A  specimen  of  a  fine-gi*ained  dark 
green  massive  rock  taken  from  the  shore  below  Downan,  south 
of  the  river  Stinchar,  shows  under  the  microscope  "  lath-shaped 
felspars,  pseudomorphs  after  augite,  chlorite,  and  iron  ores. 
The  n)ck  may  be  termed  a  diabase,  and  was  originally,  in  all 
likelihood,  a  dolerite." 

On  the  shore  near  Downan,  the  remarkable  **  pillow-structure," 
so  characteristic  of  the  Arenig  lavas  in  the  Southern  Uplands,  is 
typically  displaved  (Plates  I.,  II.,  IV.,  VI.^.  The  lavarflows  are 
here  made  up  of  a  series  of  oval  or  pillow- shaped  masses,  varjring 
considerably  in  size  and  lying  with  their  long  axes  parallel  to 
the  bedding  planes.  Each  oval  mass  has  a  concentric  arrange- 
ment (Plates  1.  and  V.),  the  outer  zones  being  vesicular,  while  ike 
central  portion  is  usually  compact,  though  fragments  of  other 
lavas  are  sometimes  observable  in  the  heart  of  the  spheroids. 
The  latter  vaiy  in  size,  some  being  circular  and  measuring  about 
six  inches  across,  while  the  largest  measure  nine  feet  in  length 
by  two  feet  in  height  and  one  foot  ten  inches  in  diameter. 

From  his  recent  work  on  **  Ancient  Volcanoes  of  Great 
Britain,"  in  which  Sir  Archibald  Geikie  describes  and  figures  the 
"  pillow-structure,"  so  beautifidly  shown  by  the  Arenig  lavas  of 
Ballantrae,  the  following  extract  is  taken: 

"  This  singular  structure  has  already  been  referred  to  as 
strikingly  displayed  in  a  rock  at  the  top  of  Cader  Idris.  It  is 
found  in  dark  basic  lavas,  probably  of  Arenig  age,  which  will  be 
afterwards  referred  to  as  occurring  along  the  southern  flanks  of 
the  Scottish  Highlands  and  also  in  the  North  of  Ireland.  It  has 
been  observed  by  Mr.  Teall  among  the  rocks  of  the  Lizard^  and 
has  been  described  as  occurring  in  Saxony  and  California.  In 
these  different  localities  it  is  associated  with  jaspers  and  cherts. 
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some  of  which  contain  abundant  Uadiolaria.  The  same  structure 
has  been  found  among  the  variolitic  diabases  of  Mont  Gen^vre, 
and  likewise  in  some  modem  lavas,  as  in  that  of  Acicastello, 
already  referred  to/'* 

The  spaces  between  the  spheroids  of  which  each  lava-sheet  is 
built  up  are  sometimes  filled  with  calcareous  matter  (limestone), 
flinty  shale,  chert,  and  jasper  (Plates  II.,  IV.,  VI.).  The  cal- 
careous .matter  does  not  seem  to  have  penetrated  far  down 
through  the  successive  beds,  being  connned  mainly  to  tlie 
surfaces  of  the  flows.  Though  no  fossils  have  been  found  on 
the  part  of  the  coast  line  south  of  the  Stinchar,  yet  a  little 
to  the  north  of  Bennane  Head,  north  of  Ballantrae,  flinty  shales, 
probably  occupying  a  similar  position  in  the  volcanic  series, 
yielded  Arenig  graptolites  and  discinoid  shells. 

Area  hettre&n  the  Valley  of  tfie  Stinchar  and  Byne  Hill,  Oin^an, 

While  on  the  shore  to  the  south  of  the  river  Stinchar,  a 
perfect  passage  may  be  traced  from  the  Arenig  volcanic  rocks 
and  radiolarian  cherts  to  sediments  yielding  graptolites  of  Glen- 
kiln  (Upper  Llandeilo)  age ;  on  the  other  hand,  throughout  the 
main  volcanic  area  of  Ballantrae,  extending  from  the  valley  of 
the  Stinchar  to  the  Byne  Hill,  near  Girvan,  a  strong  unconfor- 
mabilily  separates  the  Arenig  volcanic  rocks  and  radiolarian 
cherts  from  the  Kirkland  conglomerate,  Stinchar  limestone,  and 
Benan  conglomerate,  which  lie  at  the  base  of  the  richly  fossili- 
ferous  strata  of  the  Girvan  succession.  In  the  following 
description  we  shall  begin  with  the  Arenig  volcanic  rocks,  radio- 
larian cherts,  and  other  sediments  which  are  clearly  older  than 
the  conglomeratic  series  containing  the  Stinchar  limestone. 
As  already  indicated,  one  of  the  striking  features  of  the  Bal- 
lantrae volcanic  area  is  the  development  of  intrusive  igneous 
materials,  composed  almost  wholly  of  ultra-basic  and  basic 
igneous  rocks ;  indeed,  the  area  which  these  masses  now  occupy 
at  the  surface  is  nearly  as  large  as  that  covered  by  the  bedded 
lavas  and  tuflfs.  As  the  evidence  seems  to  point  to  the  conclu- 
sion that  the  intrusive  rocks  are  probably  the  last  products  of 
volcanic  activity  in  Silurian  time  in  that  region,  we  shall  first 
describe  the  development  of  bedded  lavas,  agglomerates,  and 
tuffs,  with  the  overlying  sediments,  beginning  with  the  coast 
sections,  where  the  relations  of  the  volcanic  rocks  to  the  radio- 
larian cherts  are  most  clearlv  defined. 

Bennane  Head,  Shor  e-S  e  c  t  i  o  n. — About  two  miles 
north  of  Ballantrae  the  shore  from  the  mouth  of  the  Bennane 
Bum,  northwards  by  Bennane  Head  to  Balcreuchan  Port, 
displays  a  section  of  lavas  with  pyroclastic  materials,  graptolite 
shfiJes,  and  radiolarian  cherts  which,  from  a  stratigraphical  point 
of  view,  is  by  far  the  most  important  in  the  volcanic  area  of 
Ballantrae.     For  here  the  relation  of  the  cherts  to  the  volcanic 

*  "  Ancient  Volcanoes  of  Britain,"  vol.  i.,  p.  193. 
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SC  AUE.    OF      F  E.E  T 
—Plan  of  Stnitiii  on  the  Shore,  Bennnne  Head,  Ballantrac. 


ITh.  Volcanic  agglomerate.  1 
(Arenig).  Z.  Serpentine. 
■.">  Raised  beach. 
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series  is  not  only  clearly  defined,  but  their 
age  is  fixed  by  the  occurrence  of  a  band  of 
graptolite  shale  which  yielded  to  Professor 
Lapworth  a  suite  of  graptolites  of  Middle 
Arenig  age.  Since  this  important  dia- 
covery,  other  fossiliferous  bands  have  been 
detected  in  the  course  of  the  revision  by 
the  Geological  Survey,  on  other  horizons, 
in  the  heart  of  the  bedded  lavas  and  tufis 
at  Balcreuchan  Port. 

Attention  will  first  be  directed  to  the 
section  on  the  beach  at  Bennane  Head, 
where  the  radiolarian  cherts,  Middle 
Arenig  graptoUte  shales,  and  underlying 
volcanic  rocks  are  thrown  into  a  series  of 
sharp  folds,  as  shown  in  the  accompanying 
ground-plan  and  section  (Figs.  102,  103). 
Thereafter  the  section  on  the  old  sea-clifi* 
east  of  the  road  between  Girvan  and 
Ballantitie  will  be  referred  to.  Though 
the  two  sections  are  parallel  and  traverse 
beds  along  the  same  line  of  strike,  yet, 
owing  to  the  pitch  of  the  folds,  there  is  a 
considerable  divergence  between  them. 

At  the  mouth  of  the  Bennane  Bum, 
near  high-tide  mark,  a  breccia  (e  in  Fig. 
102),  with  fragments  of  serpentine  em- 
bedded in  a  red  sandstone  matrix,  here 
marks  the  local  base  of  the  Peimian  (or 
Triassic)  sandstones,  which  extend  along 
the  coast  tx)  Ballantrae.  This  breccia  is 
immediately  followed  northwards  by  red 
serpentine,  but  the  actual  unconformability 
between  the  two  rocks  is  not  here  visible. 
About  fifty  yards  to  the  north  of  the  mouth 
of  the  Bennane  Bum,  and  about  150  yards 
to  the  south  of  the  cave  in  the  old  sea- 
cliff,  the  continuous  ixxjk-section  begins. 
Here  two  small  knobs  of  highly  crushed 
basic  rock  i*esembling  gabbro  are  separated 
by  a  few  yards  of  sandy  beach  from  an 
intrusive  mass  of  dolerite  (1 U),  the  inter- 
vening hollow  being  occupied  by  serpen- 
tine (2),  which  is  visible  on  the  seaward 
side  at  low  tide,  and  is  of  a  bright  red 
colour,  much  brecciated  and  veined  with 
calcareous  matter.  The  adjacent  mass  of 
dolerite  runs  apparently  E.S.E.  and 
W.N.W.,  measures  about  thirty  yards 
across  about  high-tide  level,  and  decreases 
in  breadth  to  sixteen  yards  seawards. 


Folds  in  Etadiolarian  chert,  stack  on  shore  at  Benanne  Cave,  two 
miles  north  of  Ballantrae. 
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The  radiolaiiaii  chei*is  (C)  in  contact  with  the  northern  edge 
of  the  intrusive  dolerite,  at  high- tide  mark,  form  a  series  of  rapid 
isoclinal  folds  dipping  southwards.  From  this  point  northwards 
for  a  distance  of  seventy  yards,  the  shore  is  occupied  mainly  by 
volcanic  agglomerate  and  tuff  (1  Ts),  in  which  he  several  small 
outliers  of  radiolarian  chert.  This  volcanic  breccia  has  a  light 
green  matrix,  in  which  are  set  numerous  blocks  of  vesicular 
diabase-lava  measuring  from  one  to  three  feet  across,  together 
with  pieces  of  red,  grey,  and  black  chert.  An  interesting 
character  of  this  rock  is  the  abundance  of  its  calcareous  matter 
in  the  form  of  veins  or  lenticles,  which  have  not  as  yet  proved 
fossiliferous.  Another  important  feature  is  its  inclusion  of  two 
outcrops  of  black  shale  (1),  the  more  southerly  of  which  lies 
within  a  few  feet  of  the  northern  margin  of  the  intrusive  dolerite. 
Fossils  have  not  been  obtained  by  flie  Survey  from  these  out- 
crops. 

The  northern  margin  of  the  volcanic  breccia  is  defined  by  an 
outcrop  of  radiolarian  cherts,  which,  about  fifty  yards  south  of 
the  Bennane  Cave,  form  several  prominent  stacks  that  show 
the  repetition  of  the  beds  by  foloing  and  their  intercalation 
with  fine  tuff  and  volcanic  breccia.  Here  the  cherts,  displaying 
the  dark  olive-^een  and  grey  varieties  with  abundant  vidil 
laria,  form  an  isoclinal  trough  dipping  southwards  at  angles 
from  30"  to  40**.  The  prolongation  of  this  syncline  is  well  seen 
on  the  old  sea-cliff  south  of  Bennane  Cave. 

For  a  distance  of  about  twenty  yards  north  from  this  outcrop 
of  the  radiolarian  cherts  the  rocky  beach  has  been  worn  down  to 
a  comp€u:Btively  level  plane  of  volcanic  agglomerate  and  tuff 
underlying  the  cherts.  This  volcanic  breccia  closely  resembles 
that  just  described.  Its  important  distinction,  however,  is  the 
occurrence  in  it  of  the  band  of  black  shale  jdelding  Middle 
Arenig  graptolites,  which  appears  on  both  limbs  of  an  isoclinal 
arch.  The  northmost  oytcrop,  which  is  traceable  for  a  distance 
of  31  yards,  affords  graptolites,  whilst  the  southmost  band,  which 
can  be  followed  only  at  intervals,  yields  finely-preserved  shells 
in  soft  black  shale.  These  fossiliferous  beds  consist  of  hard 
black  flinty  shales  with  thin  partings  of  soft  black  shale,  which 
are  much  disturbed,  smashed,  and  contorted.  The  following 
assemblage  of  fossils  was  collected  from  these  two  outcrops  in 
the  course  of  the  revision  by  the  Geological  Survey: 


TeUxtgraptus  Bigsbyi  (Hall.) 

hryonaides  (Hall.) 
frutico9u»  (Hall.) 
qucuirihrachiatus(EiBXi. ) 
sp. 

Dichograptus  multiplex  (Kich.) 

octohrachiatus  (Hall.) 
reticiiUUua  (Nich.) 
sp. 

Didymograptua  tpdensus  (Hall.) 

patuhsus  (Hall.) 


»» 


»i 


*« 


?» 


>» 


»» 


PhyUograptus  typus  (Hall.) 
Dendrograpttu  sp. 
CaUograptus  diffuaua  (Hall.) 
Ctimacograptus  c(mfertus  (Tj»pw.) 
Acrotreia  Nicholwixi  (Dav. ) 
Discina  sp. 
Lingtda  sp. 
OlxieUa  or  Oholus  sp. 
Kutorgina  or  Oholella  sp. 
Discinoid  shells. 
Sponge  rods. 


sp. 
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Professor  Lapworth  recorded  the  following  forms  from  tliis 
band,  which  are  not  given  in  the  above  list,  viz. : — Didymograptus 
bifidtis  (Hall),  Caryocaris  Wricfhti  (Salter),  and  Bictyonema. 
Regarding  the  assemblage  obtained  by  him  from  these  exposures, 
Professor  Lapworth  states  that  '^  it  is  almost  unnecessary  to  point 
out  that  we  have  here  a  Scottish  representative  of  the  well- 
marked  fauna  of  the  middle  zones  of  the  Arenig-Quebec  or  first 
Ordovician  fauna  of  South  Britain,  Northern  Europe,  and 
Eastern  America.  Not  only  is  the  general  facies  of  the  fauna  of 
the  well-known  Arenig,  Point  Levis  or  Skiddaw  tjT)e,  but  the 
Bennane  forms  occur  always  in  the  same  association.'** 

It  is  significant  that  though  the  agglomerate  forming  the 
core  of  the  arch  between  the  two  outcrops  of  the  Arenig  black 
shales  otherwise  resembles  that  overlying  the  same  shales,  no 
fragments  of  chert  or  black  shales  were  detected  in  it.  The 
thickness  of  the  agglomerate  that  overlies  the  Arenig  black 
shale  and  is  succeeded  by  the  radiolarian  chert  varies  from  eight 
to  twenty  feet.  The  agglomerate  is  succeeded  northwards  by  a 
fine  exposure  of  radiolarian  cherts  and  mudstones,  which,  occupy- 
ing the  shore  for  a  distance  of  upwards  of  100  yards,  are  repeated 
by  a  series  of  sharp  isoclinal  ^folds  (Plate  VII).  Near  the 
southern  margin  of  this  belt  of  cherts  thin  bands  of  tuff  are 
intercalated  with  the  chert  (Plate  VIII.).  As  this  broad  outcrop 
of  Arenig  cherts  and  mudstones  occupies  a  compound  synclinal 
fold,  the  volcanic  breccia  and  Middle  Arenig  black  shales  reappear 
on  the  north  side  of  the  trough.  They  are  there  pierced  by  a 
mass  of  intrusive  dolerite  (1  TJ),  which  extends  northwards  along 
the  coast  for  200  yards.  At  the  northern  margin  of  the  chert<^, 
the  tuff  that  occurs  between  them  and  the  intrusive  dolerite  is 
fine-grained,  and  only  a  few  feet  thick.  Both  the  black  flinty 
shale  and  the  tuff  are  welded  to  the  intrusive  igneous  rock. 

At  this  point  on  the  shore,  the  strike  of  the  strata  changes  and 
now  runs  nearly  due  north  for  over  200  yards.  Just  above  high- 
water  mark  the  Arenig  black  shales  can  be  traced  at  intervals, 
keeping  parallel  to  the  margin  of  the  intrusive  dolerite,  and 
bounded  on  the  east  by  the  agglomerates  of  Bennane  Head. 
Here  they  have  yielded  graptolites  and  linguloid  and  discinoid 
shells.  Although  the  Arenig  black  shales  are  truncated  by  the 
intrusive  dolerite,  graptolites  can  be  collected  from  them  within 
a  few  feet  of  the  junction. 

On  the  old  sea-cliff  near  the  Bennane  Head  Cave,  a  section 
east  of  the  main  road  inns  parallel  to  that  on  the  beach,  and 
exposes  mainly  the  I'adiolanan  cherts.  The  chief  folds  that 
occur  on  the  beach  can  be  recognised  on  the  cliff,  which  here 
reaches  a  height  of  250  feet.  The  absence  of  the  coarse  volcanic 
agglomerate  which  underlies  the  cherts  is  due  to  the  pitch  of  the 
folds  being  inclined  towards  the  sea.  Nevertheless,  owing  to 
the  sharp  plications  of  the  strata  and  to  the  denudation  of  the 


*  (( 


On  Ballantrae  Rocks  of  South  Scotland  and  their  place  in  the  Upland  Sequence.' 
— Oeol.  Mag.,  Dec.  III.,  vol.  vi.,  No.  1,  p.  20,  January  1889. 
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beda  at  different  levels,  the  undeiiyiug  volcanic  rocks  are 
exposed  in  the  cores  of  some  of  the  folds. 

About  fifty,  yards  to  the  north  of  the  cave,  in  the  angle  of  the 
receding  cliff,  the  Ai-enig  black  shales  and  tuffs  appear,  with 
a  southerly  dip  at  a  high  angle.  Here  the  intercalation  of  pyro- 
clastic  material  with  radiolaiian  chei-t  is  admirably  seen  in 
several  alternations  of  these  rocks.  As  each  band  of  tiiff  contains 
blocks  of  the  chert,  it  is  evident  that,  during  pauses  in  the 
volcanic  activity,  the  radiolarian  ooze  consolidated  on  the  sea- 
floor  as  chert,  and  was  disrupted  by  the  successive  explosions. 
Proceeding  southwards,  the  observer  traverses  highly  folded 
radiolaiian  cherts  (Plate  IX.)  till,  on  reaching  the  south  end  of 
the  cliff,  he  finds  the  prolongation  of  the  second  broad  band  of 
agglomerate  to  the  south  of  the  cave.  The  band  of  Arenig  black 
shales  occurs  on  both  sides  of  this  detrital  mass.  Its  southern 
outcrop,  where  the  cliff  bends  to  the  east,  is  rapidly  folded,  and 
the  centre  of  one  of  the  folds  is  occupied  by  cnert.  From  this 
point  eastwards,  the  volcanic  agglomerate  forms  the  higher  part 
of  the  cliff  for  about  100  yards,  while  serpentine  is  hi  situ  at  the 
base,  the  latter  being  in  all  likelihood  a  continuation  of  the  mass 
visible  on  the  shore  (Figs.  101  and  102).  The  boundary  of  the 
serpentine  is  shifted  by  a  small  fault,  which  likewise  changes 
the  strike  of  the  beds,  the  trend  on  the  east  side  of  the  dislocation 
being  nearly  east  and  west.  East  of  this  fault  the  serpentine 
forms  a  small  boss,  bounded  on  the  north  side  by  radiolarian 
cherts,  on  the  east  by  Arenig  lava,  and  on  the  south  by  the 
alluvium  of  the  Bennane  Burn.  Another  knob  appears  a  few 
yards  further  east,  bounded  on  both  sides  by  Arenig  lava.  These 
isolated  exposures  of  serpentine  are  believed  to  be  parts  of  one 
and  the  same  mass.  From  the  fault  eastwards  along  the  cliff' 
to  the  Bennane  Burn — a  distance  of  100  yards — ^the  radiolarian 
cherts  ai*e  continuously  laid  bare. 

BennaHe  Burn^Sectio n. — ^The  first  visible  rock  above 
the  mouth  of  this  stream  consists  of  a  band  of  thin  bedded  lava, 
showing  typical  pillow-structure,  and  enclosing  pieces  of  chei*t 
with  radiolaria.  It  is  followed  by  a  thin  seam  of  dark  green  or 
black  shale,  succeeded  by  dark  gi^en  and  red  rediolarian  cherts. 
Here  the  interstratification  of  bands  of  coarse  and  fine  tuff  with 
the  radiolarian  cherts  is  well  shown  at  a  small  waterfall  in  the 
main  stream,  and  still  more  clearly  in  a  small  side  strcam  to  the 
west  of  the  line  of  section.  At  this  latter  locality,  also,  bands  of 
nodular  tuff  occur  between  the  top  of  the  lavas  and  the  overlying 
cherts,  which  are  not  seen  in  the  main  bum.* 

A  specimen  of  one  of  these  fine  tuffs  (No.  5932),  composed  of 
a  compact  homstone-like  rock  mottled  rrith  green  and  red  tints, 
taken  by  the  Director-General  from  a  point  near  the  small  water- 
fall in  Bennane  Burn,  shows  extremely  interesting  microscopic 
characters.  Mr.  Teall  says  that  it  contains  "  a  few  minute  ('1  mm.) 
angular    fragments    of    felspar    in    a    somewhat    turbid     inass, 

*Thi8  stream  section  is  figured  and  described  by  Sir  A.  Geikie  in  the  "Ancient 
Vulc&DOcd  of  Great  Britain,"  vol.  i.,  p.  198. 
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giving  crjT)tocry8talline  polarisation  under  crossed  nicols.  When 
viewed  with  a  high  power  and  a  contracted  aperture,  so  as  to 
bring  out  the  slight  differences  in  refractive  index  of  the  different 
constituents,  the  main  mass  of  this  rock  shows  the  structure  of 
a  very  line  volcanic  ash.*  Fibrous  particles  and  others  showing 
cusp-like  projections  between  contiglious  concavities  may  be 
distinctly  seen.  Both  in  form  and  size  there  is  a  resemblance 
between  these  structures  and  the  glassy  particles  of  the  Krakatoa 
ash  which  fell  on  the  '  Norham  Castle '  at  a  distance  of  57  miles 
from  the  point  of  eruption."    . 

Above  the  waterfall,  the  Bennane  Bum  shows  a  section  of  red, 
green,  and  grey  chert  with  thin  partings  of  mudstone  or  fine 
ashy  material,  for  a  distance  of  50  yards,  the  whole  series  being 
much  puckered.  These  strata  are  succeeded  by  green  grey- 
wackes,  composed  largely  of  derivative  volcanic  material. 

Coast-Section  from  Bennane  Head  to  Bal- 
creuchanPor  t. — ^Resuming  the  shore-section  at  a  point  about 
150  yards  north  of  Bennane  Cave,  we  find  the  volcanic  agglo- 
merate which  underlies  the  Arenig  black  shale  on  the  cliff  and  in 
the  road  cutting,  the  beds  being  nearly  vertical  (Plate  X.).  At  a 
bend  in  the  road,  about  300  yards  north  of  Bennane  Cave,  a  good 
example  of  a  reversed  fault  with  a  nearly  horizontal  plane  is 
followed  by  a  second  reversed  fault  a  few  feet  higher  up.  On  the 
shore  below  the  road,  the  vertical  bedding  of  the  agglomerate 
and  tuff  is  well  displayed,  the  parallel  bands  being  etched  by 
the  action  of  the  waves,  when  alternations  of  fine  and  coarse 
material  are  developed  (Plate  X.).  The  included  blocks,  com- 
posed of  fine-grained  slaggy  lava,  are,  as  a  rule,  more  rounded 
than  those  in  the  Knockdolian  agglomerate  to  be  referred  to 
presently.  The  matrix  consists  of  comminuted  fragments  of 
volcanic  materials,  having  a  purple  or  green  tint. 

About  700  yards  north  of  Bennane  Cave,  beneath  the  high  road 
where  it  winds  round  Port  Vad,  the  juncjtion  of  the  agglomerate 
with  the  underlying  lava  is  seen  on  the  cliff  at  low  tide.  The 
thickness  of  the  agglomerate  that  underlies  the  Bennane  Head 
black  shale,  exposed  on  the  shore,  between  Bennane  Cave  and 
Port  Yad  is  700  feet.  Here,  at  the  base  of  the  cliff,  by  means 
of  a  reversed  fault  the  agglomerate  is  driven  over  a  mass  of 
pillowy,  fine-gi'ained  diabase,  and  on  the  face  of  the  cliff  the 
junction  of  the  lava  with  the  agglomei*ate  is  visible.  The  pyro- 
clastic  material  on  which  the  lava  reposes  is  a  green,  highly  basic 
tuff,  not  unlike  that  of  Mainshill,  near  Jballantrae,  to  be 
described  in  the  sequel.  The  matrix  has  a  green  tint,  is  fine- 
grained, decomposes  readily,  and  is  abundantly  charged  with 
blocks  of  fine-grained  slaggy  lava.  This  tuff,  which  is  about  45 
yards  in  breadth,  rests  on  a  second  mass  of  lava,  and  occupies 
the  whole  bay  at  Port  Vad.  Here  the  pillow- sti'ucture  so  charac- 
teristic of  these  lavas  is  well  displayed,  both  on  a  stack  in  the 
centime  (»f  the  bav  and  also  on  a  cliff  section  that  forms  the 

*See   "  Untereuchun^en  liber  die  Lennoporphfre,"   hv  0.    Miigge:    Neuea  Juhrb; 
Beilage  Baud  VIII.  (1893),  p.  fl1«. 


Volcanic  agglomerate  in  vertical  beds,  Bennane  Head, 
north  of  Ballantrae. 
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northern  promontor)^  At  this  latter  point,  as  in  the  Downan 
section  above  described,  the  long  axes  of  the  pillow-shaped 
masses  are  arranged  along  the  bedding  planes,  which  dip 
seawards  at  an  angle  of  about  65^ 

A  specimen  of  the  lava  taken  from  this  bay  (No.  5922)  shows 
under  the  microscope  that  the  ''rock  is  too  much  altered  for 
precise  determination.  The  ground -mass  contains  acicular 
microlites  of  felspar.  The  amygdules  had  usually  a  narrow  zone 
of  chlorite  on  the  outside ;  the  interior  is  sometimes  occupied  by 
a  granular  aggregate  of  felspar  (P).  The  rock  is  much  veinea, 
and  the  veins,  which  travei-se  both  ground-mass  and  phenocrysts, 
are  apparently  composed  of  felspar  and  calcite." 

From  the  northern  promontory  the  pillowy  lavas  are  succeeded 
for  a  distance  of  about  100  yards  by  beautiful  porphyritio  lavas, 
with  large  phenocrysts  of  felspar  (diabase-porphynte).  Their 
strike  being  nearly  north  and  south,  and  their  inclination  sea- 
wards, they  are  succeeded  by  agglomerate,  which  is  visible  in  a 
gully  about  120  yards  north  from  Fort  Yad,  but,  owing  to  the 
angle  of  dip,  is  exposed  on  the  cliS  for  only  a  short  distance,  and 
then  passes  out  to  sea.  Northwards  for  200  yards  the  coast- 
line is  formed  of  fine-grained  diabase-lava»  succeeded  by  about 
ten  feet  of  fine  tuff,  the  bottom  bands  of  which  fill  up  the 
uneven  surface  of  the  underlying  lava-flow.  The  tuns  are 
followed  by  diabase-lava,  showing  pillow-stracturCy  which* 
occupies  the  shore  for  a  distance  of  fifteen  yards. 

We  have  now  reached  an  interesting  point  in  the  section,  for 
here,  in  a  gully  running  nearly  north  and  south  along  the  strike 
of  the  beds,  distant  about  90  yards  from  the  mouth  of  a  small 
bum  which  joins  the  sea  south  of  Balcreuchan  Fort,  a  thin  band 
of  fossilif erous  red  mudstone  occurs  between  beds  of  pillow  lava. 
From  the  manner  in  which  this  band  folds  round  the  rugose 
surface  of  the  lava  and  fills  up  the  cracks  and  cavities  below  it, 
we  may  justly  infer  that  the  material  must  have  been  deposited 
between  successive  volcanic  discharges  (Flate  XI.).  The  strata 
here  are  nearly  vertical,  and  their  dip,  if  they  have  any,  is  sea- 
wards. *  The  band  of  red  ashy  mudstone  is  exti'emely  nard  and 
splintery,  and  yields  fossils  sparingly,  but  the  following  assem- 
blage of  Middle  Arenig  fossils  was  obtained : 

Tetragraptus  hryonoides  (Hall. )  Climacograptus  canfertus  f  (Lapw. ) 

,^           fi^eadt  (Hall.)  Canfocaris  Wrighti  {Salt.) 

Trigonoffraptus  erisifoirmu  (Hall.)  ;   Sicidse  of  graptolites. 
Pichograpttis  sp. 

The  underlying  lava  is  highly  porphyritio,  and  the  porphyritio 
crystals  on  its  upper  surface  project  into  the  red  ashy  mudstone, 
suggesting  that  tne  underlying  mass  had  not  long  consolidated 
before  the  fine  tufaceous  mud  was  laid  down. 

A  few  yards  to  the  east  of  tMs  fossiliferous  locality,  green, 
fine-grained,  vesicular  lava  shows  typical  pillow-structure.  Two 
specimens  of  it  were  collected ;  one  from  the  margin  of  one  of 
the  spheroids,  the  second  from  the  core  of  the  same  "pillow." 
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The  former  (No.  6415)  under  the  microscope  is  found  to  be 
composed  **of  long  slender  microlites  of  felspar,  giving  straight 
or  nearly  stiuiffht  extinction,  chlorite,  granules  of  epidote,  and 
possibly  also  of  unaltered  augite,  a  few  small  specks  and  plates 
of  ii'on-ore,  and  an  ill-defined  brown  substance,  which  prooably 
represents  interstitial  matter.  The  vesicles  are  filled  mainly 
with  calcite,  but  they  sometimes  contain  also  portions  of  the 
interstitial  matter."  The  microscopic  examination  of  the  speci- 
men from  the  centre  of  the  pillow-shaped  mass  (No.  6416)  proved 
that  "  the  rock  is  not  homogeneous.  Portions  show  true  igneous 
structure,  being  composed  of  felspar-microlites,  chlorite,  &c. 
Other  portions  are  composed  of  vesicular  lapilli,  and  possess  the 
structure  of  a  tuff." 

A  few  yards  west  of  the  mouth  of  the  bum  which  falls  into  the 
sea  south  of  Balcreuchan  Port,  a  zone  of  chocolate  or  red  ashy 
sediment  is  associated  with  fine  tuff.  Here,  on  a  cliff  formed 
by  these  sedimentary  beds  and  fine  tuffs,  the  fossils  were 
obtained  from  a  thin  dark  ashy  seam,  which  are  given  in  the 
annexed  list: 

Tetragraptus  bryonoides.(HsM')  Badidaria. 

,,  sp.  Acrotreta  sp. 

Glimacograptus  sp.  Obolella  aagittalis  ?  (Salt.) 

Caryocaris  Wrighti  (Salt.)  Discinoid  shells. 

This  fossiliferous  band  is  shown  by  these  fossils  to  be  of  Middle 
or  Lower  Arenig  age.  It  is  interstratified  with  diabase-lava  and 
coarse  volcanic  agglomerate,  the  latter  being  visible  at  the  mouth 
of  the  burn  just  referi'ed  to.  This  breccia  is  followed  by  lavas 
showing  typical  "  pillow- structure,"  which  extend  as  far  as  the 
middle  of  the  bay  of  Balcreuchan  Port.  Here  red  mudstones 
and  chei-ts,  lying  probably  in  a  synclinal  fold,  and  in  all  likeli- 
hood on  the  horizon  of  the  Arenig  cherts  of  Bennane  Head,  are 
admirably  seen  on  a  cliff  on  the  north  side  of  the  cove,  where 
they  are  interstratified  with  agglomerates.  They  are  also  visible 
in  a  small  promontory  in  the  middle  of  the  bay. 

The  volcanic  origin  of  the  bedded  lavas  and  agglomerates  in 
Balcreuchan  Port  was  clearly  recognised  by  Professor  Bonney, 
whose  description  is  so  interesting  and  accurate  that  we  reproduce 
it  here.  "  We  descended  from  the  high  road  to  the  waters  edge 
at  Balcreuchan  Port,  a  romantic  cove  enclosed  by  precipitous 
cliffs.  On  the  shore,  rather  on  the  southern  side,  is  impeilectly 
exposed  a  little  of  a  rather  decomposed  dark-coloured  serpentine, 
apparentlv  intrusive  in  a  rock  consisting  of  angular  fragments  of 
felstone^  in  an  earthy-looking  decomposed  ground  mass.  Their 
condition  and  the  nature  of  the  ground — strewn  here  with 
boulders  and  debris — makes  it  difficult  to  form  a  decided  opinion 
about  this  rock,  but  I  have  little  doubt  that  it  is  really  a  coarse 
porphyrite  tuff  or  volcanic  agglomerate.  Overlying  this  is  a 
great  mass  of  hard  reddish-coloured  rock — here  fairly  compact 
' — of  which  the  whole  cliff  appears  to  be  composed.  Towards  the 
base,  the  rock  has  a  rather  slaggy  aspect,  and  is  slightly  vesicular. 
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It  generally  exhibits  au  irregular  jointed  structure,  the  most 
developed  planes  being  rudely  parallel  to  the  base ;  is  occasionally 
slightly  columnar,  and  often  rudely  spheroidal,  this  structure 
being  in  one  part  very  marked.  Sometimes,  also,  curved  sub- 
spheroidal  joints  may  be  seen.  The  spheroids  are  often  traversed 
by  radial  cracks.  Where  parts  of  the  shells  have  fallen  away, 
and  fragments  have  been  left  projecting  from  the  rotten,  dusty, 
or  pastv  material  which  has  accumulated  from  decomposition, 
the  rock  has  a  look  of  breccia.  This,  however,  in  the  ordinary 
sense  of  the  word,  I  am  convinced  it  is  not.  By  clambering 
along  the  screes  to  the  south,  we  found  the  rock  become  decidedly 
porphyritic,  the  crystals  of  the  plagioclase  felspar  often  being 
about  a  third  of  an  inch  long.  Oooa  specimens  of  the  rock  were 
difficult  to  obtain,  as  it  was  very  tough  and  traversed  by  minute 
concealed  joints.  From  the  evidence  in  the  field  alone,  I  should 
not  hesitate  to  consider  this  a  true  igneous  rock,  and  probably  a 
lava-flow."* 

From  Balcreuchan  Port  north-eastwards  to  Burnf  oot,  the  coast- 
line cuts  obliquely  across  the  strike  of  the  beds.  For  a  space  of 
300  yards  the  section  traverses  the  western  limb  of  the  syncline 
occupied  by  the  red  cherts  and  mudstones,  the  rocks  being  com- 
posed of  l^va  with  pillow-structure  dipping  towards  the  south- 
east. Beyond  the  centre  of  the  syncline,  which  is  here  occupied 
by  agglomerate,  fine-grained  diabase  lavas  with  pillow-structure 
extend  as  far  as  Games  Loup,  near  Balcreuchan  Port.  North 
of  that  point,  the  coast-line  is  defined  by  a  wall  of  rock  formed  by 
hard  and  brecciated  lava;  while  on  the  seaward  side  a  hollow 
nms  parallel  to  this  cliff,  and  beyond  the  hollow,  serpentine  is 
exposed  in  stacks  that  rise  above  the  shingle  of  the  beach. 

From  the  foregoing  details  of  the  typical  Bennane  Head 
section,  the  following  conclusions  may  be  drawn : 

(1)  The  highest  visible  beds  consist  of  red,  green,  and  giey 
radiolarian  cherts  and  overlying  green  greywackes  and  shales, 
the  cherts  being  intei-stratified  with  tuffs  and  volcanic  breccias. 
(Thickness  of  cherts  with  tuffs,  70  feet.) 

(2)  Underneath  the  radiolarian  cherts  occur  coarse  agglomerate 
and  tuff,  which  oontain  a  thin  band  of  black  flinty  shale  charged 
with  Middle  Arenig  graptolites.     (Thickness,  720  feet.) 

(3)  These  agglomerates  and  tuffs  pass  downwards  into  vesicular 
diabase^lavas  and  "  diabase-porphyrite  "  lavas,  occasionally  asso- 
ciated with  breccia  and  tuff,  and  containing  thin  fossiliferous 
seams  that  yield  Middle  Arenig  g]:^ptolites.  (Minim\mi  thick- 
ness, 700  feet.) 

(4)  If  the  correlation  of  the  red  mudstones  and  cherts  in  Bal- 
creuchan Port  with  those  at  Bennane  Head  be  correct,  then  it  is 
clear  that  the  volcanic  series  in  this  shore  section  must  form  a 
synclinal  fold. 

(5)  The  nature  of  the  pyroclastic  materials  at  Bennane  Head 
suggests  the  probability  of  a  local  centre  of  eruption  having 
been  situated  near  that  locality. 

*  Qiuirt.  Jour.  Gcol.  ISoc.,  vol.  xxxiv.,  p.  780. 
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F.inbaiu  Shore-Section. — AnoUier  important  shore- 
section  occnrs  at  Finbain,  about  a  mile  nortli  of  Lendalfoot, 
where  the  lavas  and  tuifs  are  associated  with  tossiliferous  strata 
of  Arenig  age  (Fig.  104  ground  plan.  Fig.  106  section).     About 


Fjo.  104. — PUn  of  Strata  oo  the  Shore,  riDbain,  one  mile  north  of 
Lendalfoot,  Ayrahire. 
1.  Arenig  blauk  hIisIo.     IB.  Diabase  lavA.     ITs.  Agglomerate.     \  Serpen- 
tine.      IV.    lutruHivG   basic   rock   (Silurian).       B  B.    Dolerito    djkes 
(Tertiary),    f.  Fnult. 

fifty  yards  Muth  of  the  point  where  the  Finbain  Burn  enters 
the  aea,  the  junction  between  serpentine  and  black  shales  is 
visible,  the  two  i-ocks  being  separated  by  a  thin  dyke  of  basic 
rock  about  24  feet  broad.  The  microscopic  examinatioii  of  this 
rock  (No.  6431)  shows  that  "  the  dark  part  appears  to  be  com- 
posed of  minute  augites  and  altered  felspars,  but  owing  to  ike 
fineness  of  the  grain  and  to  subsequent  alt«ration  it  is  difficult  to 
be  certain.  The  yellowisb-green  tx)lour  appears  to  be  due  to 
the  developmeiit  of  granular  epidote.  The  original  rock  was 
probably  a  basalt."  The  haraened  black  shales  have  here 
yielded  a  specimen  of  CHmacograptua  confertui  in  fair  pre- 
servation.    Immediately  to  the  north   of  these   shales   on   the 
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sandy  beach,  black,  green,  and  grey  shales,  interstratified  with 
agglomerate,  occupy  the  coast  for  a  distance  of  ten  yards.  The 
black  shale  is  shattery  and  breaks  into  thin  flakes.  The  agglo- 
merate contains  blocks  of  diabase-lava, 
(0  [g.  fragments  of  black  shale,  and  oval  masses 

»M  of  limestone,  measuring  in  one  case  4ft. 

by  3ft.  Lenticular  masses  of  lava  lik^ 
wise  occur  in  this  banded  series  of  sedi- 
ments and  volcanic  breccias. 

Immediately  to  the  north,  lavas  appear 
which    show    pillow-structure;    but    in 
^w^  «5      places  are  much  brecciated,  though  on 

"*  "  the  beach  the  outlines  of  the  pillows  are 
jstill  preserved  (1 B).  On  the  south  and 
west  sides  the  brecciated  lava  is  separated 
from  the  sedimentary  series  by  a  layer 
of  agglomerate  from  two  to  seven  feet 
thick,  containing  blocks  of  porphyrite 
and  small  fragments  of  black  shale.  On 
the  west  or  seaward  side,  the  black  shales 
are  traversed  by  two  small  faults  (see 
ground-plan.  Fig.  104).  The  mass  of 
lava,  which  occupies  the  coast  for  a  space 
of  twenty  yards,  forms  stacks  rising 
above  the  sea  level  near  high-water 
mark. 

Not  far  to  the  north  of  the  mouth  of 
Pinbain  Bum,  the  volcanic  agglomerate 
again  appears,  containing  blocks  of 
diabase-lava,  black  shale  from  six  inches 
to  a  foot  across,  black  chert,  and  lime- 
stone (ITs).  West  of  the  mouth  of 
Pinbain  Bum,  and  to  the  west  of  this 
mass  of  agglomei-ate,  small  knobs  of 
black  shale  are  visible  on  the  beach  near 
low-tide  level,  while  another  exposure 
occura  about  twenty  yards  further  north, 
which  is  covered  during  high  water.  A 
second  mass  of  agglomerate  crops  out 
near  high-water  mark,  almost  due  east 
of  the  last  skerry  of  black  shales. 

The  various  outcrops  of  black  shale 
just  referred  to  near  the  mouth  of  Pin- 
bain Bum,  from  the  occurrence  of 
Glimacogi'apiua  conferivs  in  one  of  their 
'^.  seams,  are  correlated  >vith  the  Middle 
(^  Arenig  black  shales  of  Bennane  Head. 
Further,  it  is  probable  that  the  masses 
of  agglomerate  north  of  the  mouth  of 
Pinbain   Bum    may   be   younger   than 
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these  sediments,  as  they  contain  pieces  of  black  shale  and  black 
chert. 

About  31  yards  north  of  the  northmost  exposure  of  black  shales 
gabbro  (Itf)  is  visible  on  the  sandy  beach,  and  a  few  yards 
further  north  serpentine  (2)  is  found  in  contact  with  green 
porphyritic  lavas  (1  B,  see  ground  plan,  Fig.  104). 

Hetumin^  now  to  the  Pinbain  Bum,  and  ascending  this  stream 
from  the  high  road,  we  find  black  shales — evidently  the  pro- 
longations of  those  visible  on 'the  beach — dipping  towards  the 
south-east  at  high  angles,  and  containing  oval  masses  of  lime- 
stone. Here  they  occur  in  the  midst  of  agglomerate,  and  are 
succeeded  northwards  by  alternations  of  tuff  and  diabase-lava, 
till  the  rocks  disappear  under  a  deep  covering  of  boulder  clay. 

To  the  north  of  the  Pinbain  Btuh  a  fragijaent  of  the  25-feet 
beach  (Fig.  104)  is  bounded  east  of  the  road  by  a  prominent  cliff, 
and  forms  two  recesses  with  a  projecting  spur  in  the  centre. 
Agglomerate  is  exposed  on  the  old  sea-clifi  as  fai'  as  the  more 
northerly  recess,  where  the  narrow  band  of  serpentine  visible  on 
the  shore  forms  the  central  part  of  the  back-ground,  bounded  on 
the  south  side  by  a{;glomerate  and  on  the  norm  by  green  porphy- 
ritic diabase-lava.  Two  stacks  project  out  of  this  raised  beach, 
one  composed  of  serpentine  and  the  other  of  volcanic  agglo- 
merate. The  latter  is  traversed  by  a  basalt  dyke  (B)  which  runs 
up  the  north  face  of  the  pinnacle. 

At  the  point  where  the  northern  margin  of  the  old  sea-clifE 
abuts  on  the  road,  dai'k  blue  and  grey  ashy  shales,  flags,  and 
fine  tuffs  dip  to  the  S.S.E.  at  high  angles.  On  the  south  side 
they  ai*e  faulted  against  the  green  porphyritic  diabase- lava  just 
referred  to,  and  on  the  north  side  they  are  succeeded  by  volcanic 
agglomerate,  containing  bombs  of  volcanic  rocks  of  various 
types ;  one  variety  consisting  of  a  pink  fine-grained  felsitic  rock, 
apparently  more  acid  than  any  of  the  common  diabase-lavas. 
In  the  centi-e  of  this  sedimentaiy  and  volcanic  series,  where 
the  beds  consist  of  hard  ashy  ribs  from  two  to  three  inches  thick, 
alternating  with  shaly  mudstones,  graptolites  have  been  found 
in  thin  blue  shales  which  are  remarkably  fresh  and  have  not 
been  much  disturbed.     The  following  fossils  were  here  collected : 

TeUuffraptus  Bigsbyi  (Hall.)  Dichograpius  sp. 

,,  9iia(iri6rac/itahM(Hall.)  ClimcuMgraptus  ^\}. 

,,  h-yomyides  (}ieX\.)  Caryocaris  Wrighti  (^\i.) 

PhyUoyraptus  typus  (Hall.)  Discinoid  shell. 
Dendrograptu^  sp. 

This  assemblage  closely  resembles  that  obtained  from  the 
Middle  Arenig  black  shales  at  Bennane  Head,  though  the  bands 
containing  them  are  believed  to  occupy  a  slightly  lower  strati- 
graphical  position. 

Proceeding  now  to  the  description  of  the  shore-section  north- 
wards from  the  last-mentioned  fossiliferous  locality  to  Kennedy's 
Pass,  which  marks  the  northern  limit  of  the  volcanic  series  on 
the  coast,  about  a  mile  south-west  of  Ardwell  Bay,  we  find  that 
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the  coarse  agglomerate  beneath  the  fossiliferous  shales  is 
followed  by  brown  fine-grained  tuff  and  sedimenteury  bands,  not 
unlike  those  yielding  the  graptolites  at  the  roadside.  North- 
wards, a  band  of  coarse  tnfE,  like  that  in  Stockinray  Bay,  to  be 
described  presently,  is  associated  with  lenticular  bands  of  lava, 
the  beds  dipping  seawards  at  high  angles.  To  the  north  of  this 
tuff,  the  shore  is  occupied  by  a  beautiful  porphyritic  lava  ("  dia- 
base-porphyrite  ")  with  large  porphyritic  felspars,  measuring  in 
some  instimces  9-10th9  of  an  inch  in  length.  The  rock  can  be 
traced  from  the  shore  up  the  western  slope  of  Pinbain  Hill  and 
over  the  crest  of  that  eminence,  where  it  varies  somewhat  in 
character,  becoming  in  places  rather  fine-grained  and  not  so 
markedly  porphyritic.  On  the  shore,  at  low  tide,  however,  it 
displays  the  pillow- structure  so  characteristic  of  the  more  fine- 
grained diabase-lavas.  Below  high  water  mark  it  is  pierced  by 
a  dyke  of  basic  rock,  which  separates  it  from  a  remarkable  type 
of  agglomerate  which  will  now  be  described. 

In  Stockinray  Bay,  about  600  yards  north  of  the  mouth  of 
Pinbain  Bum,  at  low  tide  level,  a  conglomerate  rock  with  a 
greenish  matrix  contains  blocks  of  various  volcanic  materials, 
and  differs  to  some  extent  from  the  usual  pyroclastic  materials 
connected  with  the  lavas.  It  may  be  a  small  patch  of  the  Benan 
conglomerate  which  occurs  further  north  in  Kennedy's  Pass 
{lK>8tea  p.  498).*  On  the  landward  side  of  this  conglomerate  a 
mass  of  agglomerate  occupies  a  considerable  part  of  the  bay. 
The  matrix  contains  crystals  of  plagioclase  set  in  a  black,  com- 
pact ground-mass,  with  a  somewhat  resinous  lustre.  Under  the 
microscope,  a  specimen  (No.  6425)  shows  that  "the  matrix  is 
absolutely  opaque,  except  at  the  extreme  edge,  where  it  appears 
to  be  of  deep  brown  colour."  Mr.  Teall  describes  the  rock  as  a 
porphyritic  tachylite.  Bounded  blocks  of  porphyritic  lava  from 
six  inches  to  a  foot  across,  appear  in  the  agglomerate  (Plate 
XII.).  From  its  general  characters,  it  is  probable  that  the  rock 
may  be  due  to  the  .explosion  of  a  mass  of  pyroxenio  lava.  The 
rocks  in  this  bay  are  traversed  by  dykes  of  porphyrite  and 
dolerite,  the  former  varying  much  in  width  ana  naving  a 
tortuous  course. 

The  remarkable  agglomerate  of  Stockinray  Bay  is  succeeded 
northwards  by  a  fine  development  of  porpnyrilic  lavas,  with 
large  porphyritic  felspars,  from  half  an  inch  to  an  inch  in 
length  (Plate  XIII.).  They  form  prominent  cliffs,  which  afford 
excellent  opportunities  for  studying  the  lithological  characters 
of  the  rock.  In  places  the  felspar  crystals  are  oriented  in  the 
direction  of  the  flow  of  the  lava.  A  specimen  (No.  6419)  taken 
from  the  shore  at  this  locality  is  thus  described  by  Mr.  Teall :  — 
"  Phenocrysts  of  altered  greenish  felspar  in  the  form  of  thin 
tablets,  often  measuring  half  an  inch  across,  occur  in  a  dark  fine- 
grained greenish  matrix.  The  microscopic  examination  fihows 
that  the  ground  mass  of  the  rock  is  formed  of  short  laths  of 

'    *  The  Benan  conglomerate  is  associated  with  the  Stinchar  limestonej  Upper  Llandeilo), 
and  must  be  distinguished  from  the  volcanic  agglomerate  of  Bennane  Head  of  Arenig  age. 
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felspar,  chlorite,  grains  of  unaltered  augite,  and  plates  of  ilme- 
nite.  The  rock  contains  also  irregular  patches  of  considerable 
size,  entirely  filled  with  aggregates  of  chlorite.  It  is  a  '  diabase- 
porphyrite,'  according  to  Qerman  authors.  Felspar  concen- 
trates at  2*64  (oligoclase)."  These  lavas  occupy  the  shore  for 
a  distance  of  about  250  yards,  and  at  their  northern  limit  an 
irregular  layer  of  jasper  and  about  a  foot  of  green  tufE  are  fol- 
lowed by  a  mass  of  basic  agglomerate.  From  this  point  north- 
wards to  the  mouth  of  Kilranny  Burn,  a  distance  of  700  yards, 
the  shore  displays  an  alternation  of  fine-grained  vesicular  and 
porphyritic  lavas  (diabase  and  diabase- porphyrite),  and  is 
traversed  by  six  basalt  dykes,  some  of  which  give  off  thin  seams 
or  veins. 

The  fossiliferous  strate  (Benan  Conglomerate,  tSbc.)  visible  on 
the  beach  north  of  Eilranny  Bum  that  drains  the  northern  slope 
of  Pinbain  Hill,  will  be  described  in  the  sequel ;  at  present  it 
may  be  sufficient  to  state  that,  in  the  bay  below  Kennedy's  Pass, 
the  fault  that  brings  tlie  Benan  Conglomerate  in  contect  with 
the  volcanic  series  is  well  seen,  its  course  being  marked  by  a 
small  hollow  that  runs  north  and  south.  Here,  a  basalt  dyke 
about  six  feet  broad  rises  alonff  the  line  of  fault,  and  shows 
a  marked  linear  arrangement  ox  its  constituents  parallel  te  its 
walls.  The  road  section  from  Kennedy's  Pass  southwards  for 
400  yards  traverses  the  Arenig  lavas,*  where  they  are  much 
shattered  and  disturbed  by  the  adjacent  fault.  The  thickness 
of  the  volcanic  series  exposed  on  the  shore  between  Pinbain  Bum 
and  Kennedy's  Pass  is  estimated  at  1400  feet. 

In  the  foregoing  pages  we  have  adduced  evidence  to  prove 
that  in  the  centre  (Bennane  Head)  and  near  the  norihem  margin 
(Pinbain)  of  the  main  volcanic  area  of  Ballantrae,  volcanic  rocks 
and  overlying  sediments  occur,  which,  on  palseontolc^ical 
grounds,  can  be  shown  te  occupy  similar  stratigraphical  horizons 
in  the  Arenig  division  of  the  Silurian  system.  We  shall  now 
proceed  te  show  that  near  the  southern  limit  of  the  main  area, 
m  the  valley  of  the  Stinchar,  the  Arenig  cherts  and  underlying 
black  shales  likewise  appear  at  the  suiiace  in  association  with 
coarse  volcanic  agglomerate,  as  at  Bennane  Head. 

Mains  Hill,  Ballantrae,  and  Balnowlart. — 
Along  the  valley  of  the  Stinchar,  from  near  the  bridge  across 
the  river  at  Ballantrae  to  Balnowlart,  a  distance  of  about  a  mile 
and  a  half,  the  radiolarian  cherts  and  red  mudstones  can  be 
traced  at  intervals  in  association  with  tuff  and  agglomerate. 
They  are  exposed  at  several  places  on  the  road,  where  they  are 
interstratified  with  fine  tuff,  and  they  can  be  seen  on  the  steep 
north  bank  of  the  river,  traversed  by  dolerite  dykes.  The  best 
section  of  them  is  te  be  found  in  a  road  cutting,  at  the  back  of 
Balnowlart  Farm-steading,  where  the  red  cherts  and  mudstones 
are  interbedded  with  green  tuff,  and  dip  te  the  N.N.E.  at  an 
angle  of  45*^.  Certain  dark  purple  seams  might  here  yield 
fossils ;  indeed,  a  fragment  of  a  graptelite  was  obtained,  though 
it  proved  to  be  indeterminable.    In  the  sequel  we  shall  refer 
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to  the  occurrence  of  the  radiolarian  cherts  and  black  shales  on 
another  fold,  about  a  mile  further  up  the  Stinchar  valley 
(Fig.116). 

This  outcrop  of  radiolarian  cherts  is  flanked  on  the  north  side 
by  a  peculiar  type  of  agglomerate,  which,  extending  from  Mains 
Hill   near   Ballantrae   to   Balnowlart,   with    an   average   breadth 
of  300  yards,  shows  in  places  rude  bedding,  the  planes  being 
inclined  at  high  angles  to  the  N.N.E.     It  may  be  best  studied 
in  numerous  quarries  on  Mains  Hill,  within  half  a  mile  of 
Ballantrae.     Tne  matrix  is  green,  and  contains  numerous  small 
lapilli  of  fine  vesicular  lava»  together  with  blocks  and  masses  of 
diabase-lava  which  contain  porphyritic  augite  and  plagioclase. 
A  striking  feature  of  the  more  basic  parts  of  the  mass,  and  of  the 
enclosed  blocks,  is  the  abundance  of  crystals  of  augite.     In  this 
respect  the  rock  bears  a  close  resemblance  to  the  augite-andesite 
tuff  of  Bail  Hill,  Sanquhar.*.  A  specimen  taken  from  the  agglo- 
merate exposed  in  one  of  the  quarries  shows  under  the  micro- 
scope (No.  6426)  that  ''it  is  composed  of  fragments  of  igneous 
rocks,  which  vary  somewhat  in  structure.     The  greater  part  of 
the  section  is  composed  of  a  rock  containing  large  phenocrysts  of 
augite,  which  is  yellowish  green  in  thin  section,  and  phenocrysts 
of  altered  plagioclase  set  in  a  matrix  of  microlitic  felspar,  augite 
(P),  and  iron  ores.     The  rock  contains  vesicles  filled  with  car- 
bonate."    So  large  are  some  of  the  masses  of  diabase-porphyrite 
in  this  agglomerate  that  some  of  them  may  really  be  portions  of 
lava-flows.       The    microscopic    examination    of    a    specimen 
(No.  5933),  from  one  of  these  included  masses  shows  "large 
idiomorphic  crystals  and  grains  of  augite,  measuring  a  quarter 
of  an  inch  across,  in  a  dull  dark  matrix.     The  ground  mass  is 
composed  more  or  less  of  decomposed  plagioclase  in  the  form  of 
short  laths ;  grains  of  augite  and  magnetite ;  chlorite  and  other 
decomposition  products  are  present."     Like  the  agglomerate  on 
Bail  Hill,  Sanquhar,  that  at  Mains  Hill  points  to  the  explosion  of 
a  tolerably  basic  mass  of  pyroxenic  lava,  and  from  the  fact  that 
agglomerate  of  this  peculiar  type  is  restricted  to  the  neighbourhood 
of  Ballantrae  it  is  probable  that  it  may  have  originated  fi'om  an 
independent  volcanic  centre. 

To  the  north  of  Mains  Hill  the  augite-andesite  tuff  is  suc- 
ceeded by  lava,  protruding  at  intervals  through  the  drift  to 
within  half  a  mile  of  Bennane  Burn.  From  the  appearance  of 
the  red  mudstones  and  cherts  in  a  field  about  a  quarter  of  a  mile 
S.S.E.  of  Croseclays,  it  may  be  inferred  that  the  volcanic  rocks 
are  here  repeated  by  folds.  The  thickness  of  the  agglomerate 
of  Mains  Hill  is  800  feet. 

The  radiolarian  cherts  can  be  followed  along  the  strike  of  the 
outcrop  at  Balnowlart  about  a  mile  still  further  to  the  north- 
east on  the  south  side  of  Salachan  Hill,  as  will  be  shown  in  the 
sequel.  Though  the  cherts  at  Balnowlart  are  inclined  to  the 
N.N.E.,  and  appear  there  to  plunge  underneath  the  Mains  Hill 

*  Sw  the  '*  Ancient  Volcanoes  of  Great  Britain,"  vol.  i.;  p.  195, 
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agglomerate,  it  is  evident  that  an  inversion  of  the  beds  has  taken 
place,  for  about  a  mile  to  the  east  of  Ballantrae,  on  the  banks 
of  the  river  and  by  the  side  of  the  road,  the  cherts  are  repeated 
by  sharp  folds,  dipping  sometimes  to  the  north  and  sometimes  to 
the  south. 

KnockdoHan  Hill,  Ballantrae. — The  development 
of  agglomerate,  breccia,  and  tuff  round  independent  centres, 
which  is  one  of  the  characteristics  of  the  Arenig  volcanic  rocks 
of  Ayrshire,  is  strikingly  exemplified  on  the  picturesque  conical 
hill  of  Knockdolian  (869  feet),  which  rises  above  the  northern 
side  of  the  valley  of  the  Stinchar,  two  miles  from  Ballantrae. 
The  slopes  of  the  hill  are  comparatively  rocky,  only  patches  of 
vegetation  occurring  here  and  there.  Excellent  opportunities 
are  thus  afforded  for  studying  the  structure  of  the  ground.  The 
river  Stinchar — ^the  general  trend  of  which  is  south-westerly — 
on  reaching  Knockdolian  Castle,  is  deflected  towards  the  south 
round  the  eastern  base  of  the  hill,  and  thereafter  resumes  its 
normal  course  to  the  sea  (Fig.  107). 
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Fio.  107. — Section  across  Knockdolian  from  Bougang  to  Knockdhu,  Stinchar 
Valley,  Ayrshire.    (Length,  two  and  a  half  miles.) 

IB.  Diabase-lavas.  ITs.  Volcanic  agglomerate.  1.  Arenig  black  shale. 
1&2C.  Radiolarian  chert.  2.  Serpentine.  lU.  Intrusive  basic  rock. 
2.  Tappins  group.     2e.  Stinchar  limestone  and  conglomerate,     f.  Faults. 

The  geological  structure  of  Knockdolian  presents  some 
interesting  features.*  The  hill  is  composed  of  bedded  lavas  and 
oTerlying  breccias  and  agglomerates,  which  are  arranged  in  the 
form  of  a  great  elliptical  dome,  the  long  axis  of  which  runs 
E.N.E.  and  W.S.W.  The  core  of  tte  arch  is  formed  of  bedded 
lavas,  which  are  confined  to  a  small  part  of  the  eastern  declivity 
south  of  Knockdolian  Castle.  The  lowest  bed  of  the  volcanic 
series  here  visible  consists  of  a  beautiful  porphyritic  lava,  with  y 
a  dark  g^reen  base  and  light  green  porphyritic  plagiocla.se 
crystals,  closely  resembling  the  Currarie  "  diabase-porphyrite " 
already  described.  It  is  the  most  prominent  member  of  the 
lavaform  series,  and  is  traceable  for  a  distance  of  400  yards, 
being  followed  by  fine-grained  vesicular  diabase-lava  like  that 
on  the  shore  at  Downan  (1 B,  Fig.  107). 

Overlying  the  bedded  lavas  comes  a  great  succession  of  agglo- 
merates and  breccias,  arranged  in  concentric  layers  which  curve 

♦See  view  of  Knockdolian  Hill  from" the  east,  " Ancient* Volcanoes  of  BritainJ" 
Tol,  i.,  p.  194. 
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round  the  dome  at  angles  varying  from  50^  to  60°,  and 
form  the  greater  part  of  the  hill.  The  characteristic  feature 
of  the  breccias  is  the  absence  of  any  fine-grained  matrix,  the 
rock  being  wholly  composed  of  angular  fragments  of  vesicular 
fine-grained  lava.  Though  the  average  size  of  the  included 
blocks  over  much  of  the  hill  is  tolerably  uniform,  ranging 
from  a  quarter  of  an  inch  to  two  and  three  inches  across,  yet  the 
bedding  can  be  determined  by  the  alternating  layers  of  coarser 
and  finer  composition.  The  coarsest  materials  are  found  on  the 
western  declivity,  immediately  to  the  north  of  Macherwhat 
Farmhouse,  where  some  of  the  included  blocks  measure  four  feet 
across.  Viewing  the  agglomerate  as  a  whole,  we  may  observe 
that  the  materials  become  coarser  as  we  pass  westwards  to  the 
area  north  of  Macherwhat,  while  the  finest  materials  occur  near 
Finnart  Holm,  at  the  base  of  the  eastern  slope  (1  Ts,  Fig.  107). 

On  the  southern  declivity,  below  the  crest  of  the  hill,  several 
narrow  bands  of  fine-grained  diabase  run  moiv  or  le^^s  parallel 
to  the  bedding  of  the  agglomerate.  These  may  be  intrusive, 
but  this  point  is  uncertain ;  at  anyrate,  several  thin  veins  of 
similar  material,  not  more  than  two  inches  thick,  traverse  the 
breccias.  The  microscopic  examination  of  one  of  these  black 
compact  rocks  associated  with  the  agglomerate  at  the  roadside 
nortn-east  of  Macherwhat  (No.  6418)  shows  that  "felspars,  some 
of  which  are  large  enough  to  be  termed  microscopic  plienocrysts, 
and  magnetite,  are  the  only  definitely  recognisable  minerals. 
There  is  also  a  brown  substance.  The  grain  of  the  rock  is  so 
fine  that  its  composition  cannot  be  definitely  determined  by  the 
microscope." 

The  peculiar  type  of  angular  volcanic  breccia,  so  characteristic 
of  Knockdolian  Hill,  is  likewise  found  on  the  south-east  side  of 
the  valley  on  Salachan  Hill,  as  will  be  shown  in  the  sequel. 
From  the  evidence  now  brought  forward  the  agglomerates  and 
breccias  of  Knockdolian  may  be  conjectured  to  have  been  the 
products  of  a  cinder  cone,  the  materials  of  which  were  to  some 
extent  assorted  under  water.  From  the  gradation  westwards  in 
the  coarseness  of  the  materials,  it  is  probable  that  the  focus  of 
eruption  lay  somewhere  beneath  what  is  now  the  western  slope 
of  the  hill.  The  minimum  thickness  of  the  volcanic  rocks  of 
Knockdolian  Hill  is  estimated  at  800  feet  (lavas,  300  feet,  agglo- 
merates and  breccias  500  feet,  the  latter  increasing  in  thickness* 
westwards).  Along  the  northern  slope  of  Knockdolian,  the  lavas 
and  agglomerates  are  abruptly  truncated  by  a  fault  which  brings 
intrusive  igneous  rocks  of  ultra-basic  and  basic  types  (serpentine, 
gabbro,  &c.)  in  contact  with  them  (Fig.  107). 

The  horizon  of  the  volcanic  rocks  of  Knockdolian  is  defined  by 
the  occurrence  of  black  shales  and  black  cherts  on  the  banks  of 
the  Stinchar,  at  the  south-eastern  base  of  the  hill,  at  the  west  and 
east  terminations  of  the  alluvial  flat  named  Finnart  Holm. 
Though  graptolites  have  not  been  obtained  from  these  exposures, 
the  bands  are  evidently  on  the  horizon  of  the  Middle  Arenig 
black  shales  at  Bennane  Head  (1  Fig.  107). 
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Inland  Volcanic  Area  South  of  Stinchar. — 
The  contemporaneous  volcanic  rocks  on  the  shore  between  Dove 
Cove  and  Downan  Point,  which  have  been  already  described, 
stretch  inland  along  the  south  side  of  the  Stinchar  valley,  where 
they  form  a  narrow  belt  about  half  a  mile  broad,  extending^  from 
the  coast^line  at  Downan  to  Little  Dangart,  a  distance  of  eight 
miles.  Although  thev  consist  mainly  of  bedded  lavas,  some 
intrusive  igneous  rocks  occur  amongr  them  between  Salachan 
and  Craigneil,  to  the  ea<?t  of  Knockdolian. 

In  order  to  understand  clearly  the  geological  structure  of  the 
volcanic  area  on  the  south  side  of  the  vallev  of  the  Stinchar,  it 
must  be  borne  in  mind  that  there  are  here  two  groups  of  sedi- 
ments, separated  from  each  other  by  a  marked  unconformability, 
doubtless  representing  a  great  interval  of  time.  The  older 
group,  comprising  red,  grev,  and  black  radiolarian  choi*tNS  and 
black  shales,  are  conformable  with  the  Arenig  lavas ;  while  the 
younger  group,  consisting  of  conglomerates,  mudstones,  and 
fossiliferous  limestones  (Craigneil),  belong  to  the  horizon  of  the 
Stinchar  Limestone  series  and  Benan  Conglomerate.  Both 
groups  have  been  affected  by  a  common  system  of  folding,  and 
hence  much  care  is  necessarv  to  discriminate  between  them. 

The  southern  boundary  of  the  volcanic  area  forms  a  slightly 
sinuous  line  extending  from  Meadow  Park  near  the  shore,  by 
Garphar,  Knockdhu,  to  Little  Dangart.  Throughout  nearly  the 
whole  of  this  distance,  it  coincides  with  a  fault  which  brings 
the  overlying  strata  of  Upper  Llandeilo  age  in  contact  with  the 
volcanic  series. 

At  the  south-western  limit  of  the  area,  near  Meadow  Park,  the 
relations  of  the  bedded  lavas  to  the  Arenig  cherts  and  overlying 
sediments,  as  already  described,  are  shown,  for  a  passage  upwards 
from  the  lavas  and  cherts  can  there  be  traced  into  the  green 
mudstones  and  greywackes  (Tapnins  group).  For  about  a 
mile  to  the  north-east  the  red  mudstones  and  cherts  are  visible 
at  intervals  in  small  knobs  in  the  fields,  and  also  in  a  section 
where  a  stream  crosses  the  high  road  about  a  quarter  of  a  mile 
to  the  north  of  Bumside,  which  is  the  last  visible  outcrop  of 
them.  Thence  north-eastwards  to  the  Kilphin  Bum,  at  various 
spots  the  lavas  are  almost  in  immediate  contact  with  green 
mudstones  and  pebbly  greywackes  without  the  intervening  red 
mudstones  and  cherts.  It  is  probable,  therefore,  that  the  fault 
is  here  of  no  great  amount,  being  merely  sufficient  to  hide  the 
radiolarian  cherts.  North-eastwards  to  the  Laggan  Bum  the 
rocks  are  buried  under  drift,  and  from  the  latter  point  to  the 
Water  of  Tig,  especially  near  Garphar,  the  volcanic  series  is 
almost  in  immediate  contact  with  the  green  mudstones  and 
greywackes.  At  one  locality,  in  the  road  at  Garphar  Farm- 
aouse,  the  strike  of  the  greywackes  and  shales  is  oblique  to  that 
of  the  lavas.  In  Knockdhu  Bum  the  fault  is  actually  visible : 
jointed  ferruginous  greywackes  are  there  brought  into  contact 
with  shattered  lavas,  the  strata  being  much  disturbed  and  broken 
on  both  sides  of  the  dislocation  (Fig.  107).     Thence  to  Craigneil 
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and  Strifelaiid  Burn  that  joins  the  Stinchar  south-east  of 
Lolmonell,  the  evidence  is  concealed,  but  in  that  stream  the 
fault  IS  a^rain  seen,  hrinfiringr  grevwackes  with  green  and  red 
mudstones  against  the  lavas.  From  the  Rtrifeland  Bum  to 
Little  Dangart  the  junction  line  is  obscured  by  drift. 

From  the  shore  at  Downan  to  Heron  sford,  on  the  Water  of  Tig, 
the  bedded  lavas,  as  seen  in  the  fields  and  in  bums  that  drain 
into  the  Stinchar,  consist  of  vesicular  diabase  with  pillow- 
srtmcture,  of  the  same  p^eneral  type  as  those  on  the  shore  alreadv 
described  (Fier.  106).  From  Heronsford  east  to  Oraigneil  Castle, 
the  geological  stracture  is  somewhat  complicated,  owing  to  the 
infolding  of  a  narrow  belt  of  foasiliferous  limestones,  mudstones, 
and  conglomerates  (Stinchar  Limevstone  and  Benan  Conglo- 
merate), which  are  in  immediate  contact  with  the  volcanic  series 
and  radiolarian  cherts. 

To  the  south-east  of  Knockdolian  Castle,  the  Salachan  Hill 
(Fig.  107)  rises  to  a  height  of  over  300  feet  from  the  alluvial 
terraces  on  the  south  bank  of  the  river,  where  the  Arenig  cherts 
and  black  shales  are  associated  with  lavas  and  volcanic  agglo- 
merates. The  relations  of  the  strata  are  represented  in 
(Fig.  107).  At  the  bend  in  the  Stinchar  opposit-e  Finnart  Holm, 
black  cherts  are  exposed  on  the  east  bank  of  the  river,  probablv 
a  prolongation  of  the  outcrop  about  half  a  mile  to  the  south-west, 
at  the  southern  base  of  Knockdolian  Hill,  These  cherts  are 
followed  southwards  by  volcanic  agglomerates  containing  frag- 
ments of  chert,  while  the  north-west  slope  of  Salachan  Hill 
presents  volcanic  breccia  and  agglomerate  of  the  same  type  as 
those  of  Knockdolian  Hill,  being  made  up  of  angular  and  sub- 
angular  fragments  of  fine-crrained  diabase.  About  the  level  of 
the  200-feet  contour  line,  the  agglomerate  is  succeeded  by  fine- 
firrained  vesicular  diabase-lava,  probably  occurring  in  a  fold. 
Southwards  the  lava  is  succeeded,  at  a  level  of  300  feet,  by  more 
volcanic  breccia  of  the  Knockdolian  type,  with,  however,  an 
&shy  matrix.  Advancing  southwards  across  the  hill  we  find 
breccia  of  a  more  basic  tvpe,  till  in  the  fields  on  the  southern 
slope  two  outcrops  of  vesicular  lava  with  pillow- stnicture  occur, 
separated  from  each  other  by  volcanic  breccia  with  fragments 
of  black  chert.  At  the  more  southerly  exposure,  in  a  small 
auarry  in  a  field,  the  rock,  though  hierhly  decomposed,  shows  the 
characteristic  pillow-structure  in  small  oval- shaped  masses.  Here 
the  evidence  is  partly  concealed  under  drift,  but  the  exposures  in 
the  adjoining  fields  indicate  that  the  lavas  and  volcanic  breccias 
are  here  associated  with  cherts  and  black  shales.  The  red  cherts 
of  this  locality  (about  a  third  of  a  mile  E.N.E.  of  Salachan  Farm- 
house) are  coated  and  veined  with  hematite  to  such  an  extent  as 
to  have  led  to  the  belief  in  the  existence  here  of  a  rich  vein  of 

iron  ore. 

South-eastwards  on  the  high-road  leading  to  Colmonell,  the 
radiolarian  cherts  are  to  be  seen  on  the  south  side  of  a  small 
wood,  close  to  a  mass  of  gabbro.  They  are  slightlv  granulitised, 
probably  owing  to  contact  metamorphism  produced  by  the 
lidjacent  eruptive  rock.     On  the  south  side  of  the  gabbro  mass 
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a  belt  of  serpentine  is  well  seen  in  quarries  at  the  roadside. 
Southwards  gabbro  again  appears,  followed  by  serpentine  at  a 
bend  in  the  bum  of  Xnockdhu.  Southwards,  in  that  stream 
beyond  a  blank  in  the  section,  the  Arenig  lavas  appear,  followed 
by  conglomerate,  which,  from  the  included  pebbles,  is  evidently 
on  the  horizon  of  the  Benan  conglomerate.  AVithin  a  short 
distance  the  lavas  reappear,  followed  unconformably  by  con- 
glomerate, green  mudstones,  and  grits.  The  blocks  of  limestone 
m  the  conglomerate  have  yielded  specimens  of  Girvanella.  Here 
the  bum  Mows  through  a  rocky  gorge,  at  the  head  of  which  a 
fault  brings  the  unconformable  f ossilif erous  mudstones  and  grits 
in  conjunction  with  the  radiolarian  cherts  and  mudstones  oi 
Arenig  age  to  the  south.  Higher  up  the  stream  the  lavas 
reappear,  till  at  a  point  about  500  yards  above  Knockdhu  Bridge 
the  fault  occurs  that  marks  the  southern  limit  of  the  volcanic 


area. 


Though  in  this  section  but  a  small  development  of  the  strata 
rests  unconformably  on  the  volcanic  rocks  and  radiolaiian  cherts, 
yet  they  can  be  traced  for  some  distance  to  the  south-west  and 
north-eastj  as  will  be  shown  in  the  sequel. 

The  narrow  strip  of  Arenig  volcanic  rocks  visible  in  the  Craig- 
neil  and  Strifeland  Burns,  between  two  faults,  is  composed 
mainly  of  diabase-lavas  with  pillow-structure.  These  rocks  are 
well  seen  also  on  the  rising  ground  immediately  to  the  south  of 
the  fossiliferous  Stinchar  Limestone  group  at  Craigneil  Farm- 
house. About  midway  between  the  two  faults  which  bound 
the  narrow  volcanic  band  in  the  Strifeland  Bum,  a  bed  of  tujff 
may  probably  lie  near  the  top  of  the  volcanic  series. 

Oolmonell  to  Aldon s. — ^A  narrow  belt  of  volcanic  rocks 
lying  between  two  faults  stretches  from  the  village  of  Colmonell 
along  the  northern  slope  of  the  Stinchar  valley  to  Aldons,  where 
it  crosses  the  river  in  the  direction  of  Pinmore  Mains  (Sheet  8 
of  Survey  Map).  Along  the  southern  margin  of  this  volcanic 
band,  conglomerates,  sandstones,  and  mudstones  (Kirkland  and 
Benan  series)  are  brought  into  conjunction  with  the  lavas ;  while 
the  fault  on  the  north  side  brings  intrusive  igneous  rocks,  Arenig 
lavas,  and  the  Aldons  (Stinchar)  Limestone  and  conglomerate 
successively  in  contact  with  the  volcanic  rocks. 

Throughout  this  area,  the  volcanic  rocks  consist  chiefly  of 
lavas  showing  pillow-structure,  which  are  well  displayed  in  the 
glen  near  Poundland  and  in  the  ravine  west  of  Ualjarrock. 
An  interesting  development  of  agglomerate  and  breccia  may  be 
seen  on  the  Craig  Hill  and  Prieston  Hill,  about  a  mile  north- 
east of  Colmonell  village,  where  these  pyroclastic  materials  are 
associated  with  black  shales  and  radiolarian  cherts.  This  agglo- 
merate, which  contains  blocks  of  volcanic  rocks,  together  with 
pieces  of  chert  and  black  shale,  set  in  a  green  matrix,  seems  to 
lie  in  a  series  of  compound  isoclinal  folds,  dipping  to  the  south- 
east, the  best  exposure  being  on  the  southern  slope  of  Craig  Hill. 
The  rock  is  underlain  by  fine-grained  diabase-lava,  showing 
pillow-structure.       At   several    places    along   the   junction-lin^ 
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between  the  agglomerate  and  lavas,  a  tkia  baud  of  black  shale, 
in  places  much  corrugated,  makes  its  appearance.  It  is  seen 
near  the  ruins  of  a  shepherd's  house  about  400  yards  N.N.W.  of 
Craig  I'arm,  and  in  greater  development  about  100  yards  further 
north,  near  a  stone  lence.  The  radiolaiian  cherts  and  red  mud- 
stones,  some  of  which  are  nodular  and  otheirs  more  massive,  form 
four  isolated  patches  on  the  south  slope  of  Prieston  Hill,  about 
the  level  of  the  oOO-feet  contour  line,  tha  largesjt  outlier  measur- 
ing about  400  yards  in  length. 

J^'rom  the  lithological  characters  and  order  of  arrangement  of 
the  volcanic  rocks  and  associated  sediments  on  the  Craig  and 
Prieston  Hills,  there  can  be  little  doubt  that  we  have  here  repre- 
sentatives of  the  sequence  already  described  as  occurring  at 
Bennane  Head.  No  fos^jils  have  yet  been  obtained  from  these 
bands,  but  it  is  highly  probable  that  a  prolonged  search  would 
result  in  the  discovery  of  Middle  Arenig  graptolites  in  the  black 
shales. 

Further  to  the  north-east,  on  Glessal  Hill  and  Bargain  Hill, 
lenticular  masses  of  agglomerate  occur,  which  are  not  found  in 
the  intervening  gorges,  and  may  therefore  be  outliers  of  more 
widespread  deposits.  The  old  limestone  quany  at  Ualjarrock 
seems  to  have  been  opened  in  a  vein  rock  along  the  line  of  fault 
that  separates  the  conglomerates  and  sandstones  of  the  Kirkland 
series  (Upper  Llandeilo)  from  the  lavas.  A  specimen  (No.  6437) 
of  dark  massive  green  rock  from  this  quarry  showed  no  definite 
structure  under  the  microscope,  save  that  it  was  originally  an 
igneous  rock  with  lath-shaped  felspars. 

Aldons  Hill. — ^To  the  north  of  the  area  described  in  the 
foregoing  paragraphs,  a  patch  of  ground  about  a  square  mile  in 
extent  is  occupied  chiefly  by  bedded  lavas.  It  comprises  the 
Aldons  Hill,  with  pai-ts  of  the  Breaker  Hill  and  Fell  Hill.  The 
lavas  consist  mainly  of  the  vesicular  diabase  type,  showing 
pillow- structure,  but  occasional  flows  are  composed  of  diabase- 
porphyrite.  The  northern  slopes  of  the  Aldons  and  Fell  Hills, 
overlooking  Chapelcroft,  ai*e  marked  by  a  band  of  fine-grained 
flinty  rock,  that  weathers  white.  To  uie  south  of  Chapelcroft, 
where  it  occurs  in  knolls  east  of  the  burn,  this  ix)ck  is  very 
compact  like  chert,  and  when  traced  about  a  quarter  of  a  mile 
to  the  west,  becomes  vesicxdar.  Microscopic  examination  does 
not  furnish  any  evidence  as  to  its  origin,  but  it  may  probably 
be  one  of  the  tine-grained  lava- form  rocks.  A  lenticular  mass 
of  coarse  agglomerate  occurs  on  knolls  between  the  Breaker  Hill 
and  Bargain  Hill.  The  lavas  of  the  small  tract  now  referred  to 
are  bounded  on  the  east  and  noi-th  sides  by  the  Benan  conglo- 
merate, which  there  rests  unconformably  on  the  volcanic  series, 
and  on  the  west  side  by  one  of  the  largest  intrusive  masses  of 
serpentine. 

Central  Volcanic  Area  between  Bennane  Head 
and  Lochton. — The  central  area  of  bedded  volcanic  rocks 
now  to  be  described  forms  a  narrow  belt  varying  from  half  a  mile 
to  a  mile  in  width,  and  is  bounded  on  the  north  and  south  by  the 
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two  parallel  intrusive  masses  of  serpentine.  It  stretches  inland 
from  Bennane  Head,  by  Knockormal  Hill  and  Carleton,  to  Loch- 
ton,  in  the  valley  of  the  Lendal  Water,  a  distance  of  a  little  more 
than  six  miles.  The  radiolarian  cherts,  the  Arenig  black  shales 
and  underlpng  agglomerates,  the  diabase  and  diabase-porphyiite 
lavas,  which  are  so  typically  developed  on  the  shore  between 
Bennane  Head  and  Balcreuchan  Port,  are  all  met  with  in  this 
central  area,  where  they  ai^  repeated  by  various  folds.  It  is 
true  that,  owing  to  cleavage  and  lines  of  movement  traversing 
the  strata,  especially  the  black  shales,  their  stratigraphical  horizon 
has  not  been  definitely  proved  by  fossils  within  this  district, 
but  the  general  sequence  of  rocks,  taken  in  connection  with  the 
fact  that  the  cherts,  black  shales,  agglomerates,  and  lavas  of  the 
inland  area  occupy  the  same  series  of  compound  folds  as  those 
at  Bennane  Head,  points  to  the  conclusion  that  the  rocks  are  of 
the  same  age. 

The  tract  immediately  to  the  east  of  Bennane  Head,  and  along 
the  course  of  Bennane  Bum,  is  largely  covered  with  drift,  but 
agglomerate  occurs  in  the  fields  north-east  of  Balcreuchan  Farm- 
house, near  Troax,  and  again  at  South  Ballaird,  near  the  source 
of  the  Bennane  Bum,  where  it  is  associated  with  vesiculai* 
diabase-lava.  In  the  field  to  the  east  of  South  Ballaird  Farm- 
house, along  the  course  of  a  footpath,  and  in  adjacent  quarries, 
black  shales,  grey  shales,  and  cherts  are  reduplicated  by  folds. 
On  a  small  hill  at  the  north-east  corner  of  tliis  field,  agglo- 
merate is  exposed  at  the  surface,  followed  by  black  shales  at  the 
base  of  the  slope  and  in  the  heart  of  the  mass  to  the  E.N.E. 
of  South  Ballaird  Farmhouse,  where  they  appear  to  lie  in  a  fold 
of  the  agglomerate.  Again,  on  the  western  slope  of  the  closely 
adjacent  Lochton  Hill,  a  mile  and  a  half  south  of  Lendalfoot, 
black  shales  are  repeated  by  sharp  folds  like  the  bands  to  the 
west.  The  volcanic  breccia  is  traceable  northwards  from  Lochton 
Hill  for  a  few  hundred  yards  to  Knockormal  Hill,  and  eastwards 
to  the  Moak  Hill,  where  it  appears  to  rest  on  diabase-lavas  with 
pillow-structure.  The  junction-line  between  the  lavas  and  the 
agglomerate  is  a  complicated  one,  inasmuch  as  the  two  groups 
of  rock  form  a  series  of  insoculating  folds.  In  like  manner, 
where  the  agglomerate  becomes  fine-grained  on  the  ^uth  slope 
of  Locl^ton  Hill,  the  isoclinal  folding  of  the  tufi*  and  the  black 
shales  is  evident. 

Tlie  hollow  to  the  east  of  Knockormal  Hill  is  covered  with 
drift,  but  on  Knockdaw  Hill,  to  the  S.S.W.  of  Millenderdale,  and 
in  the  bums  draining  the  north-west  slope  of  that  eminence, 
there  is  a  fine  development  of  lavas,  composed  mainly  of  vesi- 
cular diabase,  and  in  places  of  diabase-porphvrite.  Thin  lenti- 
cular masses  of  blue  limestone  in  one  of  the  bums  south  of 
Knockdaw  Castle  resemble  the  sedimentarj^  limestone  that  fills 
the  interstices  between  the  spheroids  of  lava  on  Downan  shore, 
south  of  Ballantrae.  The  relation  of  the  lavas  to  the  intrusive 
gabbro  and  serpentine  along  the  southern  slope  of  Knockdaw  Hill 
will  be  described  in  the  sequel  (see  p.  471). 
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The  northern  portion  of  the  central  area  of  volcanic  rocks 
presents  several  features  of  special  interest.  Skirting  the  shore 
to  the  south  of  Lendalfoot^  the  lower  portion  of  the  western 
declivity  of  Carleton  Hill  is  occupied  by  serpentine,  while  the 
remainder  of  the  ridge  is  formed  of  a  complex  of  diabase-lavas 
and  tufEs  with  black  shales,  epidiorite,  hornblende-schist,  and 
ilaser-epidote  rocks,  the  whole  being  traversed  by  a  later  series 
of  dolerite  dykes,  older  than  the  Benan  Conglomerate  and 
Stinchar  Limestone,  and  a  few  basalt  dykes,  probably  of  Tertiary 
age.  The  lithological  characters,  exact  limits,  and  relations  of 
some  of  the  members  of  this  complicated  area  might  well  furnish 
materials  for  more  detailed  investigation. 

On  the  south-east  slope  of  the  hill,  about  the  level  of  the  500- 
feet  contour  line,  a  band  of  black  shale  can  be  traced  for  some 
distance,  which,  over  part  of  the  outcrop,  is  so  cleaved  that 
fossils  would  be  dithcult  to  obtain  from  it.  At  the  southern  limit 
of  Balsalloch  Hill,  however,  a  continuation  southwards  of  Carle- 
ton  Hill,  the  beds  ai"e  not  deformed,  and  might  be  exi)ected  to 
yield  graptolites,  but  a  short  search  has  so  far  not  been  success- 
ful. The  soft  black  shales  ai^  there  associated  with  black  cherts 
or  Uinty  shales,  like  the  Middle  Arenig  band  at  Bennane  Head, 
and  rest  on  tuff  and  diabase-lava,  but  along  their  line  of  outcrop, 
on  the  south-east  slope,  masses  of  gabbro  occur  close  to  them. 
The  diabase-lava  is  traceable  along  the  south-east  slope  of  Carle- 
ton  Hill,  but  along  the  top  and  western  slope  the  rocks  have 
undergone  considerable  change.  One  of  the  recognisable  lavas 
of  the  porphyritic  type  from  this  hill  (No.  5923)  shows,  in  the 
hand  specimens,  "  conspicuous  phenocrysts  of  white  felspar  in 
a  compact  dark  green  matrix,"  and  under  the  microscope  ''  large 
and  small  phenocrysts  of  felspar  and  small  phenocrysts  of  augite 
in  a  brown  matrix,  which  is  not  isotropic.'' 

Along  the  western  slope  of  Carleton  Hill,  above  the  margin  of 
the  serpentine,  a  remarkable  series  of  platy  rocks  of  peculiar 
lithological  characters  dips  at  high  angles  to  the  north-west,  and 
may  be  studied  in  many  excellent  exposures.  They  are  traversed 
by  numerous  dolerite  dykes  running  in  a  westerly  direction. 
They  have  a  dark  purple  and  green  tint,  are  very  fissile,  and 
break  under  the  hammer  into  small  angular  fragments.  At  one 
point,  high  up  the  slope  south  of  Carleton  Fishery,  they  j^ontain 
a  thin  lenticulai*  band  of  blue  crystalline  limestone.  Generally 
they  are  fine-grained ;  indeed,  in  some  instances  the  constituents 
cannot  be  definitely  determined  under  the  microscope,  but  nearly 
all  the  rocks  show  marked  flaser  structure.  They  have  been 
traced  along  the  border  of  the  serpentine  area  from  the  west  slope 
of  Carleton  Hill,  across  the  Lendal  Water  by  Laigh  Knockclauch 
to  Loch  ton,  a  mile  and  a  half  south  of  Byne  Hill,  where  the  rocks 
have  been  subjected  to  considerable  dynamic  movement.  Some 
of  these  platy  rocks  contain  epidote  in  considerable  quantity, 
interleaved  in  green  bands  of  hornblende-schist. 

A  specimen  taken  from  the  north-west  face  of  Carleton  Hill 
(No.  6501)  shows  under  the  microscope  **  that  the  dark  portion  of 
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the  rock  possesses  marked  pai-allel  structure  due  to  shearing,  but 
is  of  so  fiiie  a  grain  that  the  minerals  cannot  be  definitely  deter- 
mined. The  light  yellowish-green  Lands  contain  epidote,  a  pale 
brown  garnet,  ana  possibly  malacolite."  Another  specimen 
interleaved  in  the  platy  rocks  from  the  same  place  (No.  7780) 
displays  "  a  foliated  aggregate  of  pale  green  hornblende,  show- 
ing marked  signs  of  pressure  fluxion.  Some  felspar  was  pro- 
bably present  in  the  original  rock,  but  it  is  not  now  definitely 
i-ecognisable."  A  third  specimen  from  the  same  series  (No.  7784) 
exhibits  "  *  eyes  *  of  felspar  in  a  fine-grained  matrix  of  horn- 
blende-schist." Mr.  Teall  is  inclined  *'  to  regard  this  rock  as  a 
porphyritic  dolerite  or  diabase  modified  by  dynamic  action.  The 
hornblende  is  green,  not  brown."  Still  another  microscopic 
section,  taken  from  an  exposure  in  the  Lendal  Water  behind  the 
gamekeeper's  cottage  (No.  6507),  *' contains  streaks  and  flaser 
rich  in  epidote,"  similar  to  No.  0501.  What  the  precise  origin 
of  these  fiaser-epidote  rocks  nmy  have  been  is  at  present 
uncertain,  but  this  much  is  clear,  that  the  planes  of  scmstosity 
must  have  been  developed  in  them  and  in  the  associated  horn- 
blende-schist before  the  intrusion  of  the  dolerite  dykes,  which 
are  older  than  the  Stinchar  Limestone  and  the  Benan  Conglo- 
merate (Upper  Llandeilo).  In  the  sequel  we  shall  show  that 
the  south-eastern  margin  of  the  serpentine  mass  between  Carle- 
ton  Hill  and  Lochton  has  been  a  line  of  movement,  and  that 
these  platy  rocks  may  have  had  their  schistose  planes  impressed 
on  them  bv  that  movement. 

In  the  hollow  between  Carleton  Hill  and  the  intrusive  mass 
of  gabbro  on  Knockormal  Hill,  the  volcanic  rocks  consist  mainly 
of  bedded  lavas  with  occasional  bands  of  agglomerate.  About  a 
third  of  a  mile  to  the  south  of  Carleton  Castle  (in  ruins),  in  a 
road  cutting  by  the  side  of  Little  Carleton  Bum,  black  shales 
with  a  soutn-easterly  dip,  rest  on  tuif,  containing  fragments  of 
black  shales;  while  underneath  the  tufi  lies  some  compact 
diabase-lava.  It  is  highly  probable  that  this  outcrop  of  black 
shales  may  be  an  exposure  of  the  Middle  Arenig  band  of 
Bennane  Head.  This  suggestion  seems  to  be  confirmed  by  the 
fact  that  in  the  small  bum  that  joins  the  Lendal  Water  at 
Cundry  Mill,  to  the  east  of  Carleton  Mains,  red  mudstones  and 
I'adiolarian  cherts  appear  in  association  with  agglomerate.  These 
rocks  are  met  with  about  400  yards  up  the  stream,  while  near 
the  foot  of  the  same  burn  lavas  are  associated  with  the  red  cherts 
and  mudstones. 

Near  the  farm-steadings  of  Knockdaw  and  Lai^h  Knockdaw, 
south  of  the  Lendal  Water,  Arenig  lava,  both  of  the  porphyritic 
and  diabase  types,  is  exposed  in  tne  bum  sections  and  in  knolls 
in  the  fields.  These  outcrops  are  of  importance,  since  they  help 
to  fix  the  position  of  the  fault  that  brings  in  the  younger  lossili- 
ferous  rocks  of  the  Girvan  series  to  the  east.  Fine-grained  lavas 
are  also  visible  in  quarries  behind  Barclewan  Farmhouse,  on  the 
north  bank  of  the  Jjendal  Water.  A  beautiful  example  of  the 
porphyritic  type  is  to  be  found  on  the  hUl-top  above  Pennyland 
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Wood,  about  500  yards  to  the  north  of  Barclewan,  where  large 
porphyritic  felspars^  sometimes  an  inch  in  leng^,  project  on 
weathered  surfaces.  The  lavas  are  here  traversed  by  basalt 
dykes  running  in  a  north-west  and  south-east  direction.  About 
half  a  mile  to  the  west  of  this  hill-top,  debris  of  red  mudstones 
and  cherts  is  ploughed  up  in  the  helds,  on  the  strike  of  the 
outcrop  in  the  small  burn  that  falls  into  the  Lendal  Water  south 
of  Cundry  Jlill,  above  referred  to. 

Along  the  south-east  margin  of  the  serpentine  area,  in  the 
direction  of  Knockbrake,  Laigh  Knockclauch,  and  Lochton, 
several  sections  in  streams  which  drain  the  hill  slope  west  of 
the  Lendal  Water,  display  lavas,  tuffs,  black  shales,  and  flaser 
rocks.  About  300  yards  west  of  the  ruins  of  Knockbrake, 
diabase-lava,  black  shale,  and  mudstone  occur  on  knolls  to  the 
south  of  the  serpentine.  Again,  in  a  small  bum  west  of  Laigh 
Knockclauch,  the  rocks  bordering  the  serpentine  are  laid  bare 
for  a  distance  of  200  yards.  At  the  mouth  of  this  streamlet,  a 
vein  of  serpentine  is  exposed,  followed  by  black  shales  yielding 
fragments  of  Tetragraptus  and  ClimacograptuSf  and  by  porphy- 
ritic diabase-lava,  l^'urther  up  stream  the  rocks  display  under 
the  microscope  (Nos.  7800,  7801)  the  structure  of  intrusive  rocks 
rather  than  that  of  lavas,  the  augite  being  quite  iresh.  x>iear  the 
margin  of  the  serpentine,  compact  platy  rocks  are  met  with,  a 
specimen  of  which  (Jso.  7803),  when  examined  microscopically, 
is  found  to  be  a  hne-grained  liornblende-schist  containing  mucn 
epidote. 

Similar  evidence  of  flaser-structure  occurs  on  the  hill  slope 
about  300  yards  further  north,  and  a  quarter  of  a  mile  south-west 
of  Loch  Lochton,  where  a  lenticular  strip  of  garnetiferous  horn- 
blende-schist lies  near  the  margin  of  the  serpentine,  but  is 
appai'ently  surrounded  by  that  rock.  A  specimen  taken  from 
this  exposure,  at  a  point  about  GOO  yards  north-west  of  Laigh 
Knockclauch  (No.  7804),  shows  "  brown  hornblende,  malacolite, 
and  felspar.''  Another  specimen,  collected  from  the  same  band 
of  homblende^schist,  a  few  yards  to  the  west  (No.  7805),  exhibits 
'*  streaks  and  flaser  of  epidote  in  a  very  fine-grained  matrix  show- 
ing pressure  fluxion.  The  matrix  is  similar  to  that  of  No.  7802. 
It  is  a  rock  which  has  been  subjected  to  considerable  dynamic 
action,  and  the  flaser  of  epidote  may  possibly  represent  porphy- 
ritic crystals  of  felspar  which  have  been  epidotised." 

In  the  Lochton  Bum  serpentine  is  seen  for  about  300  yards 
above  Laigh  Knockclauch,  followed  by  an  intrusive  basic  mass 
like  gabbro.  Next  oome  black  shales,  visible  at  a  waterfall, 
succeeded  by  alternations  of  lavaform  rocks  and  Haser-rocks. 
Along  the  road  that  skirts  the  west  side  of  Loch  Lochton,  several 
outcrops  of  tuff  or  agglomerate  with  intercalations  of  black 
shales  are  met  with,  one  in  a  small  quarry  due  west  of  the  south 
end  of  the  loch.  The  tuff,  agglomerate,  and  black  shale  are 
much  shattered,  altered,  and  injected  with  igneous  material. 

Similar  evidence  is  obtained  in  the  small  bum  that  passes 
Lochton  Cottage  and  joins  the  Bynehill  Burn.     Behind  the  ruins 
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of  the  shepherd's  house  at  Lochton,  tuffs  and  black  shales  are 
visible,  followed  by  shattered  and  sdtered  lavas,  which  are  suc- 
ceeded in  turn,  as  >^e  pass  north-westwards,  by  flaser-rocks,  highly 
sheared,  and  in  contact  with  the  serpentine,  the  whole  section 
being  only  about  100  yards  in  breadth.  Between  Lochton  and 
Balkeachy,  porphyritic  lavas  are  visible  on  knolls  near  the  stream, 
and  highly  sheared  rocks  are  seen  at  a  sharp  bend  in  the  bum 
itself,  llie  physical  relations  of  these  rocks,  however,  are 
entirely  obscured  by  drift  and  alluvium.  The  position  of  the 
boundary  fault  along  the  south-east  margin  of  the  serpentine  is 
indicated  by  shattered  exposures  of  that  rock  in  the  Bynehill 
Bui-n,  about  400  yards  west  of  Balkeachy  Farm  steading.  Here 
an  old  shaft  was  sunk  in  search  of  copper  ore. 

From  the  foregoing  evidence  it  is  clear  that,  along  a  line 
extending  from  (Jarleton  Hill  to  Lochton,  south  of  Byne  Hill, 
black  shales  occur  in  association  with  agglomei'ate,  tuff,  and 
lava,  while  near  the  margin  of  the  serpentine  a  series  of  highly 
sheared  materials,  including  flaser-epidote  rocks,  has  undergone 
much  deformation.  Though  the  black  shales  of  Lochton  and 
Carleton  Hill  have  not  as  yet  yielded  graptolites,  they  are  pro- 
visionally correlated  with  the  Middle  Arenig  band  at  Bennane 
Head,  owing  to  the  occurrence  of  I'etragrajjtus  in  black  shales  at 
Laigh  Knockclauch  (p.  458). 

i^orthern  Inland  Volcanic  Area,  including 
Pinbain  Hil  1. — The  remaining  district  of  the  main 
volcanic  area  of  Ballantrae  which  now  falls  to  be  described 
includes  a  small  triangular  tract,  lying  to  the  east  of  the  shore- 
section  already  described  between  the  mouth  of  the  Pinbain 
Bxirn  and  Kennedy's  Pass.  The  bedded  lavas  and  tuffs  visible 
on  that  part  of  the  shore  when  traced  inland  for  a  short  distance, 
are  seen  to  be  bounded  on  the  north  by  the  Benan  Conglomerate, 
and  on  the  south  and  east  by  ultra-basic  and  basic  intiiisive  rocks. 

The  beautiful  diabase-porphyrite  lava  visible  on  the  shore 
south  of  Stockinray  Bay  forms  the  greater  portion  of  Pinbain 
Hill,  and  is  prolonged  eastwards  into  Kilranny  Hill,  where  it 
forms  the  highest  part  of  the  ridge.  Along  the  south-east  side  of 
Pinbain  Hill  it  lies  immediately  in  contact  with  the  most 
northerly  mass  of  serpentine,  but  north-eastwards  towards  Kil- 
ranny Hill  the  strike  of  the  beds  turns  more  to  the  north,  and 
a  gradually  thickening  wedge  of  agglomerates,  tuffs,  and  ashy 
sediments  comes  in.  These  rocks  are  identical  in  character  with 
those  found  on  the  Pinbain  shore  to  the  north  of  the  serpentine. 
The  pyroclastic  materials  and  ashy  sediments  dip  at  high  angles 
to  the  south-east,  and  become  more  fine-grained  in  that  direction 
near  their  point  of  junction  with  the  intrusive  rocks;  indeed, 
some  of  the  finer  bands  closely  resemble  the  ashy  shales  which 
yield  Middle  Arenig  graptolites  in  the  road-cutting  on  the  Pin- 
bain shore  (p.  444),  and  there  can  be  little  doubt  that  they  occupy 
a  similar  horizon.  These  beds  are  also  visible  near  the  head  of 
a  bum  that  drains  the  north-west  slope  of  the  Grey  Hill,  and 
falls  into  the  sea  near  the  fourth  milestone  from  Girvan. 
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The  west  side  of  Piubaiu  Hill  affords  a  good  section  across  the 
strike  of  the  beds  in  a  bum  that  drains  its  slopes,  and  also  those 
of  Ealranny  Hill.  In  the  bxirn,  above  the  point  where  it  is 
crossed  by  the  old  road,  the  agglomerate,  so  well  developed  in 
Stockinray  Bay,  is  expased^  while  the  beautiful  porphyritic 
lava  (diabase-porphyrite)  which  forms  the  northern  headland  of 
that  bay  is  also  seen  in  the  same  bum  at  the  old  road.  The  red 
cherts  occur  to  the  north-east  of  this  section. 

Small  Inliers  of  Arenig  Volcanic  Rocks  near 
the  Main  Volcanic  Area  of  Ballantrae.  —  To 
the  east  of  the  main  volcanic  area  of  Ballantrae,  several  patches 
of  Arenig  volcanic  rocks  form  "  inliers "  among  the  younger 
unconfoi^mable  fossiliferous  strata  of  Silurian  age.  Of  these, 
the  most  important  is  met  with  on  Daldowie  Hill,  on  the  south 
side  of  the  Water  of  Assel,  where  the  lavas,  tuffs,  intrusive 
gabble,  and  associated  cherts  form  a  patch  about  a  mile  long 
and  a  third  of  a  mile  broad  (Sheet  8).  From  the  disposition  of 
the  overlying  fossiliferous  sediments  of  the  Stinchar  Limestone 
group,  it  would  appear  that  the  rocks  of  this  **inlier"  form  a 
compound  anticline,  arranged  in  the  following  descending  order : 
(1)  Cherts  and  jasper  containing  radiolaria  with  calcareous 
knots;  (2)  basic  lavas  showing  pillow-structure;  (3)  fine  tuffs 
or  ashy  sediments ;  (4)  volcanic  agglomerate. 

The  volcanic  agglomerate  or  coarse  breccias  in  a  nan'ow 
strip  towards  the  north-east  margin  of  the  area,  are  followed 
southwards  by  a  band  of  finer  tuff  or  ashv  shales,  and  these 
by  a  broad  zone  of  diabase-lava,  in  which  the  radiolarian  chert 
and  jasper  occur.  The  volcanic  rocks  are  pierced  by  dykes  and 
bosses  of  gabbro,  which  locally  harden  and  alter  the  agglomerate 
and  breccia.  Blocks  of  gabbro  occur  in  the  adjacent  coo^lo- 
merates  associated  with  the  Stinchar  Limestone  group,  but  tney 
have  not  been  detected  in  the  volcanic  agglomerates. 

In  several  places  on  Daldowie  Hill  and  Shalloch  Hill,  ribs  and 
bands  of  hard  purple  chert  and  jasper  occur,  which  contain 
radiolaria.  Pieces  of  these  cherts  are  common  in  the  adjacent 
conglomerates  of  the  Stinchar  group.  At  one  spot  (marked 
**  Wninstone  Quarry"  on  the  six-inch  map),  at  the  west  end  of 
Shalloch  Hill,  a  peculiar  rock,  quarried  for  dyke-building, 
consists  of  red  cherts  and  jasper,  brecciated  in  place  and 
recemented  by  red  calcite.  The  crj'^stalline  limestone  at  this 
place  contains  oval  masses  and  knots  of  a  rock  resembling 
serpentine  or  other  ultra-basic  material,  but  microscopic 
examination  throws  no  light  on  its  orgin. 

A  few  yai'ds  to  the  south  of  the  inlier  above-mentioned,  a 
small  patch  of  volcanic  tuff,  charged  with  blocks  of  diabase-lava, 
is  visible  near  the  head  of  the  Minuntion  Bum,  associated  with 
the  Benan  Conglomerate  and  Stinchar  Limestone. 

In  the  south  quarry  nearest  the  Lane  Toll  at  Craigwells, 
2^  miles  north-east  of  Daldowie  Hill,  decomposing  gabbro  rises 
from  underneath  the  Stinchar  Limestone  group ;  further  to  the 
south-west  a  small  mass  of  uJtrarbasic  rock  is  likewise  exposed 
near  the  litnestcfne. 
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West  of  the  Girvan  and  Portpatrick  railway,  small  bosses  of 
Arenig  lavas,  with  intrusive  ^abbro,  project  from  the  surface  in 
the  fields  to  the  north  of  Meikle  Letterpin.  Small  exposures  of 
the  Benan  Conglomerate  are  found  near  the  lavas,  but  the  actual 
junction  of  the  two  rocks  is  not  seen. 

Another  small  inlier  of  ag-glomerate  is  visible  on  Glendrissock 
Hill,  about  half  a  mile  to  the  south-east  of  the  farmhouse  of 
that  name.  On  the  south  side  of  the  hill  black  shales  and  cherts 
occur,  not  far  to  the  north  of  the  outcrop  of  the  Stinchar 
Limestone  between  Pinmacher  and  Laggan,  which  may  be  in 
the  horizon  of  the  band  at  Bennane  Head  that  vields  the  Middle 
Arenig  fauna. 

Craighead  (Sheets  8  and  14  of  the  Survey  Map). — ^The 
largest  and  most  important  inlier  of  the  volcanic  series  occurs 
at  Craighead,  on  the  north  side  of  the  Girvan  valley.  Between 
Killochan  Station  and  Ci'aighead  limestone  quarries,  it  measures 
about  a  mile  in  length,  and  between  the  Girvan  railway  and  the 
top  of  Craighead  Hill,  about  half  a  mile  in  breadth.     This  area 

Vy  CraiglirailHill  -: 

^^        TrorhrjLgue      _ 
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Fio.  109. — Section  across  Craighead  Inlier. 

IB.  Arenig  lavas.  1&2C.  Radiolarian  chertw.  2.  **TappinB  group." 
2b.  Earkland  conglomerate.  3c.  Stinchar  limestone.  2d.  Graptolitic 
mudstone.     2e.  Benan  conglomerate.     CI-  Lower  old  red  sandstone. 

seems  to  be  wholly  composed  of  vesicular  diabase-lava  with 

Sillow-structure,  which  is  well  seen  in  the  railway  cutting  at 
!illochan  Station,  in  the  cutting  in  the  wood  near  the  Craighead 
limestone  quarries,  in  knolls  in  the  wood  north-east  of  Woodhead 
Farmhouse,  on  the  top  of  Craighead  Hill,  and  in  small  rocky 
knolls  in  the  cultivated  ground  to  the  north-west  of  that  hill 
(1  B,  Fig.  109). 

On  the  south-east  side  the  volcanic  area  is  truncated  by  a 
fault  which  brings  down  the  Carboniferous  rocks,  and  at  the 
eastern  corner  the  Arenig  lavas  are  unconformably  overlain  by 
the  Craighead  Limestone  series,  which  will  be  described  in  the 
sequel.  On  the  north-west  side,  however,  the  lavas  are  succeeded 
by  red  radiolarian  cherts  and  green  mudstones,  visible  in  the 
road  leading  to  Barneil  Farmhouse  and  in  the  fields  and  wood 
about  a  quarter  of  a  mile  east  of  Woodhead.  The  cherts  are 
vertical  or  highly  inclined,  and  are  immediately  followed  by 
green  mudstones,  shales,  and  gi^ywacke^  resembling  the 
"  Tappins  group  '*  of  the  Stinchar  valley.  The  radiolarian  cherts 
cannot  be  traced  round  the  northern  margin  of  the  inlier  towards 
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Craighead;  indeed,  judginjir  from  the  surface-features  in  that 
area,  the  lavas  seem  to  he  ahruptly  truncated  by  a  fault,  hut  the 
overlying  strata  north  of  Craighead  HUl  are  buried  under  drift. 

In  a  quaiTv  in  the  small  wood  at  Woodhead  Farm  steading, 
red  cherts,  black  shales,  and  black  cherts  appear  in  association 
with  volcanic  agglomerate,  and  a  few  yards  to  the  east  of  the 
wood  there  is  an  exposure  of  basic  igneous  rock.  Though  only 
niimac-orfraptvs  has  been  got  from  these  black  shales,  yet  their 
lithological  characters  and  their  occurrence  with  agglomerate 
suggest  the  probability  that  they  lie  on  the  horizon  of  the 
Middle  Arenig  Shales  at  Bennane  Head.  The  small  outcrops 
of  volcanic  rocks  evidently  belong  to  a  separate  inlier  from  that 
of  Craighead  (1,  1  Ts,  Fig.  109).  About  a  mile  to  the  north-east 
of  the  Craighead  limestone  quarries,  at  Blaweary,  still  another 
inlier  of  diabase-lava  is  traceable  for  alx>ut  200  yards,  in  associa- 
tion with  the  limestone  of  the  Craighead  series. 

Inliers  South  of  the  Stinchar  Valley  near 
Barr  (Sheet  8). — On  the  south  side  of  the  valley  of  the 
Stinchar,  in  the  neighbourhood  of  Barr,  various  arches  of  Arenig 
lavas  and  radiolarian  cherts  occur  as  inliers  in  the  green  mud- 
stones,  shales,  and  greywackes  of  the  Tappins  group,  followed  in 
normal  sequence  by  the  greywackes,  shales,  and  grits  of  the 
Southern  TTplands.  Indeed,  the  sections  now  under  considersu- 
tion  are  identical  with  those  on  the  shore  at  Brakness  Hole  and 
Shallochbraik,  south  of  Ourrarie  (p.  424),  which  show  a  passage 
upwards  from  the  lavas  and  cherts  to  the  overlying  mudstones, 
shales  and  greywackes. 

A  glance  at  the  published  map  (Sheet  8)  will  show  the  various 
lenticular  bands  of  Arenig  chert  with  cores  of  lava  which  have 
been  traced  at  intervals  from  the  head  of  Muck  Water  north- 
east by  the  Howe  of  Laggan  to  Aldinna,  in  the  valley  of  the 
Stinchar,  a  distance  of  about  seven  miles.  These  outcrops  are 
mastly  isoclinal  arches,  and  resemble  many  similar  lenticular 
folds  of  the  lavas  and  cherts  along  the  northern  margin  of  the 
tableland  between  Loch  Boon  and  the  Lammermuir  Hills.  The 
lavas  are  traceable  by  means  of  small  bosses  across  the  moor 
from  the  head  of  the*^  Muck  Water  towards  the  Gregg  Water, 
re-appearing  in  a  small  tributary  of  the  latter  stream,  on  the  col 
of  the  Howe  of  Laggan,  and  on  the  slope  of  the  Pinbreck  Hill, 
which  is  about  a  mile  from  Aldinna,  in  the  valley  of  the 
Stinchar.  They  consist  of  fine-grained  green  diabase  with  small 
rounded  vesicles  resembling  the  vesicular  diabase  type  at 
Downan.  In  each  case  they  are  associated  with  red  radiolarian 
cherts  which  pass  upwards  into  green  mudstones,  shales,  and 
greywackes.  The  section  that  best  shows  the  relation  of  the 
lavas  to  the  cherts  may  be  seen  in  a  small  tributary  of  the  Gregg 
Water,  about  200  vards  to  the  south-west  of  Darley  shepherd's 
house.  Near  the  foot  of  this  stream  a  fine  expasure  of  slaggy 
diabase-lava  forms  the  core  of  the  arch,  surrounded  by  red  cherts 
with  radiolaria  and  green  mudstones,  the  beds  being  isoclinally 
folded  to  the  south-east.     The  relation  of  the  Arenig  cherts  to 
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the  green  mudstones,  shales,  and  greywacke  bands  of  the 
**  Tappins  group,"  is  admirably  seen  in  a  small  tributary  of  the 
Stinchar,  on  the  north  side  of  the  valley  and  to  the  east  of 
Tappins  Hill.  At  the  foot  of  thLs  stream,  the  radiolarian  cherts 
dip  towards  the  south-east,  while  up  stream  the  barren  beds  of 
the  "  Tappins  group  "  are  well  displayed. 

About  a  mile  and  a  half  to  the  north  of  the  strike  of  the 
series  of  arches  just  referred  to,  and  within  half  a  mile  of  the 
river  Stinchar  at  Dularg,  a  small  exposure  of  Arenig  lava  is 
associated  with  red  cherts  on  the  hill  to  the  east  of  Trabovack 
Farmhouse. 
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CHAPTEE  XX. 

THE  GIRVAN  DISTMCT— co7ihnii«d. 

INTRUSIVE  IGNEOUS  KOCKS. 

The  intrusive  rocks  associated  with  the  Arenig  volcanic  series 
are  admirably  displayed  in  the  region  between  Girvan  and 
Ballantrae.  They  consist  of  ultrarbasic,  basic,  and  acid  masses, 
including  serpentine,  olivine-enstatite  rock  (saxonite),  hom- 
blende-picrite,  pyroxenite,  gubbro,  epidiorite,  dolerite,  and 
granite.  But  while  the  variety  of  tnese  intrusive  types  is 
strikingly  exemplified  throughout  the  region,  the  relations  which 
they  respectively  bear  to  each  other  in  the  field  are  in  many 
places  obscure.  For.  over  much  of  the  area,  owing  partly  to  the 
more  rapid  decomposition  of  the  serpentine  and  partly  to  the 
covering  of  superficial  deposits,  the  lines  of  contact  between 
that  rocK  and  the  other  igneous  masses  are  not  visible.  Further, 
planes  of  schistosity  have  been  locally  developed  in  some  of  the 
intrusive  rocks,  whereby  the  serpentine  has  been  rendered 
schistose,  the  gabbro  and  homblende-gabbro  have  been  foliated, 
and  the  epidorite  has  been  converted  into  hornblende-schist. 
Lines  of  movement  traceable  for  miles  have  in  one  or  two 
instances  destroyed  the  evidence  of  the  original  relationship  of 
the  serpentine  to  the  adjacent  rocks,  the  resulting  flaser-struc- 
tures  being  apparent  in  the  field,  and  confirmed  by  microscopic 
examination  of  the  rocks.  For  these  reasons  it  is  difficult  in 
many  cases  to  determine  the  relations  and  sequence  of  the 
intrusive  rock  masses.* 

The  detailed  mapping  of  the  region,  however,  leads  to  the 
belief  that  the  more  highly  basic  rocks,  comprising  serpentine, 
olivine-enstatite  rock,  homblende-picrite,  gabbro,  and  other  com- 
pounds, which  are  the  most  abundant,  were  the  earliest  to  be 
injected.  They  pierce  the  lavas,  tuffs,  and  agglomerates,  while 
on  the  shore  the  serpentine  is  in  visible  contact  with  the  Middle 
Arenig  black  shales  and  radiolarian  cherts.  In  some  of  the 
exposures,  where  the  junction  between  the  serpentine  and  the 
less  basic  rocks  is  laid  bare,  the  latter  do  not  show  any  evidence 
of  having  been  intruded  into  the  former ;  indeed,  their  relations, 
judsring  from  certain  exposures,  are  such  as  to  suggest  that  some 
of  the  rock  types  may  be  different  modifications  of  the  same 
original  basic  magma.    But  while  this  relation  is  probable,  it  is 

*  A  short  summary  of  the  results  of  the  re-surrey  of  these  plutonic  rocks  is  giTen  by 
Sir  A.  Geikie.    "  The  Andent  Volcanoes  of  Great  Britain,"  toI.  i.,  p.  200. 
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nevertheless  clear  that  tlie  complex  basic  masvses,  together  with 
the  interbedded  lavas  and  agglomerates,  have  been  subsequently 
invaded  by  irregular  dykes  or  veins  of  dolerite  and  gabbro, 
which  present  chilled  margins  at  their  lines  of  contact  with  the 
surrounding  ixxjks. 

Between  Girvan  and  Ballantrae  the  intrusive  rocks  form  two 
prominent  belis,  which  run  generally  along  the  strike  of  the 
volcanic  series,  black  shales  and  cherts.  The  northern  one 
occupies  three  miles  of  the  coast  line  between  Pinbain  Bum 
and  Burnfoot,  south  of  Lendalfoot,  and  extends  inland  by  Loch- 
ton  to  Byne  Hill ;  while  the  southern  is  traceable  from  the 
raised  beach  south  of  Bennane  Head  eastwards  by  the  slopes  of 
Enockdolian  and  Balhamie  Hill  to  Millenderdale.  Small 
isolated  basic  masses  occur  beyond  these  limits,  as,  for  instance, 
on  Knockormal  Hill,  at  Ballantrae  Castle,  and  other  places. 

On  referring  to  the  Geological  Survey  Map  (Sheet  7)  of  the 
region,  it  will  be  seen  tliat  serpentine  occupies  by  far  the  largest 
part  of  the  area  covered  by  the  intrusive  rocks.  Though  owing 
to  the  mantle  of  superficial  deposits,  the  boundaries  of  the 
respective  igneoxLs  masses  shown  on  the  map  are  in  some 
instances  conjectural,  yet  the  more  basic  rocks  usually  form 
more  or  less  lentictrlar  bands  or  bosses  in  tlie  midst  of  the 
serpentine  areas,  protruding  at  the  surface  as  rocky  knolls 
frequently  bare  of  vegetation.  We  shall  therefore  begin  with 
the  description  of  the  development  of  the  serpentine  in  the  two 
prominent  belts  just  mentioned,  proceeding  thereafter  to  deal 
with  the  massed  of  gabbro*,  epidiorite,  and  other  intrusive 
materials  of  a  less  basic  kind. 

Serpentine. 

Southern  Are  a. — ^This  belt,  which  extends  for  a  distance 
of  seven  miles  from  Drununore  shore  south  of  Bennane  Head  to 
Millenderdale,  with  an  average  breadth  of  about  a  mile,  is  mainly 
occupied  by  serpentine,  which  generally  occurs  in  the  massive 
form,  though  at  certain  localities  foliated  varieties  are  likewise 
met  with  (Fig.  110).  One  of  the  best  places  for  studying  the 
massive  type  of  serpentine  is  on  Balhamie  Hill,  about  a  mile  to 
the  north  of  the  village  of  Colmonell,  where  it  is  exposed  on 
the  southern  slope  and  in  streams  that  drain  the  declivity.  The 
lithological  and  microscopic  characters  of  this  ty])e,  as  developed 
on  this  hill,  have  been  well  described  by  Professor  Bonney,  who 
clearly  recognised  the  igneous  origin  of  the  serpentine  and  its 
resemblance  to  the  type  of  that  rock  seen  to  the  north  of  Cadg- 
with,  Cornwall.  He  refers  specially  to  an  exposure  in  a  pit  near 
the  roadside,  about  three-quarters  of  a  mile  from  the  village  of 
Colmonell,  and  gives  the  following  description  of  the  rock.*  The 
serpentine,  "on  old  surfaces,  assumes  the  same  rugged  grey- 
brown   aspect   as    that   at   the    Lizard;    its    fracture    is    sub- 


« (( 


On  the  Serpentine  and  A<5?ociated  Ig^neous  Rocks  of  the  Ayrshire  Coast,"  Quart. 
Jour.  Geol,  Soc.,  vol.  xxxiv.,  p.  770. 
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conchoidal.     The  ground  mass  is  a  deep  black,  weathering  to  a 

{>ale  grey-green.  It  is  full  of  crystals  of  glittering  bronzite,  just 
ike  those  in  the  Cadgwith  rock.  A  detailed  description  of  the 
microscopic  structure  is  needless,  for  what  I  have  written  of  that 
will  apply  here  almost  word  for  word,  the  only  difference  being 
that,  in  the  specimen  examined,  the  conversion  of  the  olivine 
into  serpentine,  stained  and  clothed  with  granules  of  black  ferric 
oxide,  exhibit  a  rude  parallelism  over  part  of  the  slide.  The 
bronzite  also  in  this  rock  is  a  little  more  altered  than  it  is  at 
Cadgwith ;  some  grains  contain  numerous  ferruginous  microliths. 
There  is  in  the  slide  a  grain  or  two  of  a  dark  brown  mineral, 
possibly  picotite.  I  have  not  the  slightest  doubt  that  this  is  an 
altered  olivine-enstatite  rock." 

In  this  quarry  near  Colmonell,  Professor  Bonney  observed  an 
irregular  vein  of  a  greenish  mineral,  about  four  inches  thick, 
which  was  analysed  by  Mr.  Houghton,  who  thus  reported  on 
the  specimen  sent  to  him  for  examination.*  "  This  rock  appears 
to  coincide  in  all  its  properties,  both  chemical  and  physical,  with 
the  mineral  chonicrite,  which  is  stated  by  Dana  to  be  found 
associated  with  serpentine  in  Elba.  It  differs  in  having  less  Si. 
and  more  Fe." 

The  observations  of  Professor  Bonney  regarding  the  petro- 
graphical  characters  of  the  serpentine  of  Balhamie  Hill  have 
been  confirmed  during  the  recent  revision  by  the  Geological 
Survey.  The  glistening  crystals  of  rhombic  pyroxene,  or  its 
alteration  product,  bastite,  set  in  a  black  or  dark  green  matrix, 
form  one  of  the  characteristic  features  of  the  rock  as  developed 
on  this  hill.  Two  specimens  collected  during  the  recent  revision 
from  this  locality  are  thus  described  by  Mr.  Teall.  The  first 
(No.  6428)  displays  in  the  hand  specimen  "crystals  of  bastite, 
giving  a  brilliant  lustre  from  their  cleavage  surface,  and  often 
measuring  more  than  a  quarter  of  an  inch  across,  which  are  set 
in  a  compact  dark  green  matrix.  Cleavage  fiakes  of  the  bastite, 
detached  with  a  knife,  show  the  characteristic  negative  bisectrix 
in  convergent  polarised  light.  Under  the  microscope  the  large 
plates  of  bastite  are  found  to  be  irregular  in  form.  They  lie  in 
a  matrix  traversed  by  anastomosing  veins  of  dusty  magnetite,  and 
possessing  the  mesh  structure  of  serpentine  derived  from  olivine. 
The  rock  is  a  serpentine  derived  from  a  saxonite  (harzburgite  of 
Rosenbusch)."  The  second  (No.  6429)  shows,  in  the  hand 
specimen,  "  small  irregular  patches  of  picotite  (hardness  greater 
than  that  of  quartz)  in  a  compact  dark  greenish  matrix.  Under 
the  microscope  it  shows  serpentine  derived  from  olivine,  together 
with  irregular  masses  of  picotite,  which  are  only  transparent  in 
very  thin  sections,  and  then  appear  a  deep  rich  chesnut  brown. 
The  rock  is  a  serpentine  derived  from  Dunite." 

On  the  moor  to  the  north  of  Poundland  Hill,  two  miles  north- 
east of  Colmonell,  massive  picotite  occurs  in  the  serpentine.  The 
best  locality  is  about  300  yards  north  from  the  margin  of  the 

*  Quart  Jour.  Geol.  Soc.,  vol.  xxziv.,  p.  772. 
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serpentine  area,  and  near  the  source  of  the  Poundland  Bum, 
where  several  veins  have  been  observed.  A  specimen  collected 
here  (No.  6449)  is  described  by  Mr.  Teall  as  **  massive  picotite 
(sp.  gr.  3.68),  containing  a  few  irregular  white  patches,  which 
apparently  represent  altered  felspar.  Under  the  microscope, 
the  picotite  is  chesnut  brown  in  very  thin  section.  The  supposed 
felspars  have  been  converted  into  a  pseudophite-like  substance, 
which  is  found  also  in  narrow  veins  traversing  the  massive 
picotite." 

The  following  analysis  of  the  rhombic  pyroxene,  which  forms 
such  a  conspicuous  feature  in  the  Ayrsnire  serpentine  as  de- 
veloped on  Balhamie  Hill,  Knockdaw  Hill  near  Lendalfoot,  and 
other  places,  has  been  made  by  Professor  Heddle :   * 


SiO, 

37-776 

A1,0, 

2123 

Fe,0, 

5-069 

FeO          ... 

2-095 

MnO 

-076 

MgO        .        .        . 

37-014 

K,0  \ 
NaaO/ 

trace. 

HaO 

16-07 

100-223 

In  addition  to  the  normal  type  of  serpentine,  examples  of  the 
type  intermediate  between  the  serpentines  and  true  gabbros  also 
occur  in  this  region  and  are  of  considerable  interest  as  lending 
support  to  the  conjecture  that  some  of  these  varieties  of  intrusive 
rocks  may  be  modifications  of  the  same  basic  magma.  An 
excellent  example  of  this  intermediate  type  occurs  on  the  north- 
west slope  of  tne  Breaker  Hill,  about  the  level  of  the  700-feet 
contour  line,  at  the  southern  margin  of  the  serpentine.  The 
locality  may  be  readily  found,  as  it  lies  about  a  mile  to  th& 
north-west  of  the  Daljarrock  limestone  quarry,  at  a  point  where 
a  branching  vein  of  serpentine  leaves  the  main  mass  (see 
Sheet  7).  By  following  the  stone  fence  from  Daljarrock  Wood 
in  a  north-west  direction  to  the  margin  of  the  serpentine,  the 
observer  will  find  the  spot  without  difficulty.  A  specimen  (No. 
6430)  collected  from  this  localitv  is  described  by  Mr.  Teall  as  "  a 
dark,  almost  black  rock,  containing  small  irregular  white  patches, 
which  are  unevenly  distributed  through  the  specimen.  This 
rock  bears  a  close  resemblance  to  varieties  of  serpentine  which 
occur  at  the  Lizard,  and  which  are  intermediate  between  true 
serpentines  and  gabbros.  The  white  patches  probably  represent 
felspars.  The  microscopic  examination  shows  that  the  consti- 
tuents include  olivine,  augite,  hornblende,  biotite,  serpentine, 
iron  ores,  and  a  turbid  substance  which  probably  representft 
felspar. 

*  Tram.  Boy.  Soo.  Edin.,  vol.  zzriiL,  p.  4M. 
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"  Serpentine  derived  fi-om  olivine,  with  the  unaltered  mineral 
still  preserved  in  the  cores  of  the  meshes,  is  an  important  con- 
stituent of  the  rock.  The  augite  is  nearly  colourless,  and  occurs 
both  in  the  form  of  large  irregular  plates  and  as  granulitic  aggre- 
gates. The  hornblende  is  peculiar  as  regards  its  colour  and 
pleochroism,  a,  colourless,  /3  and  y,  rich  but  not  very  deep  brown, 
and  with  only  slight  differences.  Biotite  is  not  present  in  any 
considerable  quantity.  It  occurs  as  aggregates  of  small  scales, 
and  possesses  the  same  colour  as  the  hornblende. 

"  This  rock  possesses  decided  affinities  with  the  hornblende- 
picrite  from  Penai-fywydd  in  Anglesea  (see  *  British  Petro- 
graphy,' Plate  vii.,  I?^ig.'  5),  described  by  Professor  Bonney.  It 
also  resembles  certain  banded  rocks  which  occur  at  the  Lizard  in 
intimate  association  with  seroentine  (*  Some  Coast  Sections  at  the 
Lizard,'  Fox  and  Teall,  Quart.  Jour.  Geol.  Soc.,  vol.  xlix. 
(189r3),  p.  200).  The  resemblance  in  this  case  is,  however, 
limited  to  mineralogical  composition ;  both  rocks  contain  the 
colourless  augite  and  the  peculiar  brown  hornblende,  together 
with  serpentine,  olivine,  and  turbid  alteration  products  after  fel- 
spar. The  Lizard  rock  is  a  well  banded  schist,  whereas  the  Ayr- 
shire rock  is  massive,  with,  however,  a  marked  variation  in  the 
amount  of  altered  felspar  present  in  the  different  portions  of  the 
specimen." 

A  rock  of  a  similar  intermediate  type  was  observed  on  the 
slope  of  Balhamie  Hill  at  a  point  about  200  yards  west  of  Bal- 
hamie  Burn,  where  it  appears  as  a  thin  vein  of  dark  massive 
material  in  serpentine.  Under  the  microscope,  this  rock  (No. 
6432)  "  shows  numerous  large  irregular  individuals  of  olivine 
only  partially  serpentinised  in  a  fine-grained  matrix,  composed 
of  small  irregular  individuals  of  pale  brown  hornblende,  and 
serpentinous  and  chloritic  alteration  products.  There  are  also 
some  turbid  alteration  products,  which  may  indicate  the  pre- 
sence of  a  small  quantity  of  felspar."  This  rock  has  been  named 
by  Mr.  Teall  homblende-picrite. 

Regarding  the  relations  of  the  serpentine  of  the  southern  belt 
to  the  bedded  lavas,  tuffs,  and  associated  sediments,  it  is  clear 
that  the  boundary-line  between  the  two  series  of  rocks  in  some 
cases  is  a  fault  or  line  of  movement.  Such  seems  to  be  the 
nature  of  the  boundary  along  the  north  side  of  Knockdolian  Hill, 
where  the  serpentine  rises  to  a  height  of  about  400  feet 
(Fig.  107).  Along  the  margin,  and  especially  on  the  north-west 
part  of  the  slope,  the  serpentine  has  been  rendered  schistose,  fine 
flaser-structure  being  observable  at  certain  places.  Where  this 
feature  is  developed  the  rock  is  traversed  by  calcareous  veins, 
which  in  some  instances  have  been  burnt  for  economic  purposes. 
Between  KnockdoKan  and  Gamaburn,  north-east  of  Colmonell, 
the  boundary  of  the  serpentine  is  concealed  by  superficial 
deposits ;  but  along  the  Pneston  and  Poundland  Hills  the  junc- 
tion is  probably  a  faulted  one.  On  the  Breaker  Hill  a  vein  of 
schistose  serpentine  is  traceable  from  the  main  mass  into  the 
bedded  lavas. 
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In  the  river  Stinchar,  at  the  base  of  the  south-eastern  slope  of 
Knockdolian  Hill,  the  serpentine  is  in  contact  with  black  shaJe, 
which,  as  already  stated,  is  believed  to  be  on  the  horizon  of 
the  Middle  Arenig  band  at  Bennane  Head.  The  junction,  which 
appears  to  be  an  intrusive  one,  is  visible  only  when  the  river  is 
low.  Here  also  the  volcanic  agglomerate  is  indurated,  probably 
by  contact  with  the  seq)entine.  Though  the  i-ock  cannot  be 
traced  continuously  from  the  river  to  the  Leffin  Knowes,  north 
of  Balknowlart,  at  the  base  of  the  south-west  slope  of  Knock- 
dolian, it  probably  occupies  the  hollow  at  Macherwliat. 

In  probable  underground  continuity  with  the  mass  on  the 
south  side  of  Knockdolian,  the  serpentine  is  again  seen  on  the 
left  side  of  the  river  near  Salachan.  On  the  south-east  side  of 
Salachan  HOI  it  is  exposed  in  various  quarries  at  the  roadside 
near  Knockdhu  Bridge,  associated  with  a  mass  of  gabbro,  which 
will  be  referred  to  in  the  sequel.  At  the  edge  of  the  wood, 
where  there  is  a  bend  in  the  high  road  leading  to  Colmo- 
nell,  schistose  green  serpentine  is  visible,  and  in  a  qxiarry  at  the 
roadside  close  to  Knockdhu  Bridge  the  rock  has  a  red  tint. 

North-east  of  Ballantrae,  between  Balnowlart  and  Croseclays, 
the  boundaiy  of  the  serpentine,  as  mapped,  is  conjectural,  for  the 
ground  is  largely  covered  with  superficial  deposits,  but  an  excel- 
lent section  of  the  schistose  variety  of  the  rock  is  displayed  in 
the  Drummore  Bum,  to  the  south  of  Bennane  Head.  Reference 
has  already  been  made  to  the  fact  that  near  the  mouth  of  the 
Bennane  Bum  (Bennane  Head),  at  the  margin  of  the  old  sea- 
beach,  the  serpentine  is  intrusive  in  the  radiolarian  cherts. 
Along  the  northern  margin  of  the  area,  from  the  shore  south  of 
Bennane  Head  eastwards  in  the  direction  of  Boghead,  the 
boundary  is  concealed,  and  between  Boghead  and  Knockdaw  Hill 
there  seems  to  have  been  a  certain  amount  of  movement  between 
the  serpentine  and  the  Arenig  lavas  lying  to  the  north  of  it. 

Northern  Are  a. — The  lithological  characters  of  the  ser- 
pentine in  the  northem  tract  resemble  those  met  with  in  the 
southern  belt.  The  rock  at  various  points  on  the  shore  between 
Pinbain  Bum  and  Burnfoot  is  associated  with  numerous  bosses 
of  gabbro  and  veins  of  dolerite.  Its  principal  varieties,  as 
exposed  on  this  part  of  the  coast,  have  been  described  by  Pro- 
fessor Bonney.  He  states  that  **  about  Lendalfoot  the  serpentine 
has  a  rather  conchoidal  fi-acture,  with  a  very  compact  dark  olive- 
green  ground  mass,  containing  rather  minute  and  not  very 
lustrous  bronzitic  crystals  and  thin  veins  of  chrysotile.  On 
placing  a  slide  beneath  the  microscope,  we  see  that  the  structure 
made  so  familiar  by  the  Lizard  specimens  (Quart.  Jour.  Geol. 
Soc.,  vol.  xxxiii.,  p.  916)  is  at  once  evident,  though  in  this  speci- 
men the  black  iron  peroxide  is  less  markedly  aggpregated  in  the 
neighbourhood  of  tne  strings  of  doubly  refracting  serpentine, 
and  the  distinction  between  *  strings '  and  doubly  retracting 
*  mesh '  is  less  conspicuous.  Much  of  the  iron  is  disseminated  in 
extremely  minute  granules  over  the  field,  which,  with  crossed 
Nicols,  shows  fibrous  serpentine  extending  towards  the  centre  of 
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the  mesh,  and  Bometimes  occupying  the  whole.  Where  these 
strlnes  are  more  clearly  defined  they  exhibit  a  rough  parallelism, 
and  the  fibrous  structure  is  at  right  angles  to  them.  The  serpen- 
tine is  irregularly  banded  with  chrysotile.  One  vein  shows 
unusually  briffht  colours  with  crossed  Nicols.  There  are  two  or 
three  grains  oi  a  rich  brown  mineral,  probably  picotite.  Here  and 
there  is  a  little  of  a  fibrous,  very  strongly  dichroic  green  mineral, 
changing  from  light  green  to  almost  black.  Altered  bronzite  is 
present  in  rather  small  grains,  and  a  clear  yellowish  mineral,  with 
very  minute  belonites,  about  *001  inch  in  length,  crossing  nearly 
at  right  angles,  so  as  to  form  a  sort  of  prismatic  reticulation."* 

On  the  shore  to  the  south  of  Carleton  Port,  red  serpentine 
appears  with  crvstals  of  bastite  and  veins  of  chiysotile ;  to  the 
south  of  the  filth  milestone  from  Ballantrae  the  dark  green 
variety  is  met  with,  and  near  Bumfoot  beautiful  red  and  cx^en 
mottled  serpentine  is  exposed  on  the  shore. 

The  following  is  a  description  by  Professor  Bonney  of  the 
microscopic  character  of  two  varieties  of  the  red  serpentine  from 
this  district.t 

(1)  "  Specimen  from  south  of  Bumfoot.  In  general  structure 
this  resembles  the  other,  except  that  the  'meshes'  are  often 
partly  or  wholly  occupied  by  an  imperfectly  translucent  ferru- 
ginous mineral  of  burnt-sienna  colour,  doubtless  akin  to  haematite 
and  the  colouring  matter  of  the  rock.  There  is  some  calcite  in  a 
crack  traversing  the  slide,  mixed  possibly  with  a  little  minute 
dolomite;  it  also  occurs  associated  with  a  microUtic  'dust' 
replacing  some  (?  pyroxenic)  mineral.  Bronzite  is  present, 
though  in  small  grains,  and  much  altered. 

(2)  "  Specimen  collected  from  rocks  a  little  to  the  south  of 
Carleton  Port  headland.  This  is  a  compact  rock  of  an  Indian- 
red  colour,  marbled  or  mottled  with  purplish  or  purplish-grey,  in 
which  are  rather  rounded  grains  or  *  eyes '  of  a  greenish  mineral, 
apparently  a  decomposed  bronzite.  Under  the  microscope  this 
rock  is  seen  to  be  in  general  stnicture  very  similar  to  the  last, 
but  with  the  *  strings  a  little  more  definitely  parallel ;  to  these 
also  the  coarser  part  of  the  ferruginous  constituent  is  rather  more 
restricted,  though  an  extremely  minute  dust  is  everywhere  thinlv 
disseminated  in  the  serpentine.  There  is  bronzite,  much  altered, 
and  a  minute  grain  or  two   of  picotite  ( ?)." 

When  the  northern  belt  of  intrusive  rocks  is  traced  inland 
from  the  shore,  numerous  exposures  of  serpentine,  having  a 
green  tint  and  sub-conchoidal  fracture,  occur  on  the  moor  to  the 
south-east  of  Pinbain  Hill.  The  schistose  variety  is  met  with 
near  Laigh  Snockclauch,  in  the  valley  of  the  Lendal  Water. 
In  a  smiul  stream,  about  100  yards  west  of  the  ruins  of  Lochton 
Cottage,  near  the  margin  of  the  serpentine,  a  dai*k-green  massive 
rock,  when  examined  under  the  microscope,  is  found  to  consist 
''mainly  of  an  aggregate  of  irregular  grains  of  a  colourless 

*  Quart.  Jour.  Geol.  Soc,  vol.  xxxiv.,  p.  775. 
Qiuirt.  Jour.  Geol.  Soc,  vol.  xxxiv.,  p.  776. 
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monoclinic  pyroxene.  It  contains  also  yellowish  patches  and 
veins  of  serpentine."  This  rock  has  been  termed  Pyroxenite  by 
Mr.  Teall  (Pyroxenolite  of  Lacroix^.  At  the  extreme  north-east 
limit  of  the  serpentine,  on  the  nortn-east  slope  of  Byne  Hill,  the 
rock  is  dark-green  and  compact,  containing  a  few  small  crystals 
of  bastite.  TJ  nder  the  microscope  it  shows  '^  bastite,  serpentine, 
and  a  few  irregular  grains  of  picotite." 

With  reference  to  the  relations  of  the  northern  belt  of  serpen- 
tine, it  seems  clear  that  the  south-east  boundary,  extending  from 
Carleton  Hill  to  Lochton,  south  of  Byne  Hill,  has  been  a  line  of 
movement,  as  the  rocks  along  the  junction  show  marked  flaser- 
structure.  The  flaser-epidote  rocks  at  the  margin  of  the  serpen- 
tine on  Carleton  Hill  and  in  the  Lendal  Water,  near  Lendalfoot, 
have  been  already  referred  to,  and  highly  sheared  rocks  likewise 
occur  along  the  boundary  near  Loch  Lochton.  In  like  manner, 
on  the  south-eastern  slope  of  Byne  Hill,  there  is  evidence  at  one 
place  of  deformation  along  the  boundary  between  the  serpentine 
and  the  mass  of  gabbro  and  dolerite  to  the  north.  On  the  shore 
near  the  mouth  of  Finbain  Bum,  as  already  described  (see 
Fig.  104),  the  serpentine  is  intrusive  in  the  Middle  Arenig 
black  shales,  and  pierces  the  Arenig  lavas  and  agglomerates. 

Gabbro,  Dolerite,  E}ndioritef  Dioriie,  Granite. 

A  remarkable  feature  of  the  intrusive  series  is  the  abundance 
of  irregular  and  lenticular  masses  of  various  types,  chiefly  basic, 
which  occur  within  or  at  the  margin  of  the  serpentine  areas,  or 
as  small  isolated  bosses  piercing  the  Arenig  lavas  and  agglo- 
merates. Owing  to  their  number,  special  reference  will  be 
fenerally  restricted  to  those  from  which  illustrative  specimens 
ave  been  taken  for  microscopic  examination. 
Beginning  with  the  coarse  gabbros  and  gabbro-pegmatites,  we 
find  in  one  of  the  small  streams  draining  the  south-east  slope  of 
Pinbain  Hill,  in  association  with  the  serpentine,  a  highly  altered 
coarse-grained  gabbro-pegmatite,  composed  of  individual  crystals 
measuring  an  inch  or  more  acix>ss.  A  specimen  (?f  o.  6440)  shows 
under  the  microscope  "  that  the  felspar  is  entirely  replaced  by 
secondary  substances,  of  which  a  brown  isotropic  material  is  the 
most  common.  It  occurs  in  small  grains,  granular  aggregates, 
and  as  irregular  patches.  More  or  less  altered  crystals  of 
pyroxene  also  occur.*'  A  similar  change  is  observable  in  a  vein 
of  coarse  gabbro  in  sei-pentine  at  Lendalfoot.  The  vein  is  about 
three-quarters  of  an  inch  thick,  and  is  mainly  composed  of  a 
nearly  white  compact  substance.  Under  the  microscope 
(Xo.  6439),  "the  white  substance  cannot  be  definitely  referred 
to  any  distinct  mineral.  It  appears  brown  in  thin  section,  is 
without  action  on  polarised  light,  and  may  possibly  be  garnet. 
A  brown  substance  is  frequently  found  as  an  alteration  of  felspar 
in  the  Lizard  gabbros,  but  this  is  doubly  refractive."  Another 
specimen  taken  from  an  exposure,  a  little  north  of  Lendalfoot 
(Ifo.  6441),  shows  under  the  microscope  that  the  felspars  are 
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entiiely  replaced  by  ill-defined  saussuritic  substances,  while  the 
dillage  is  partly  preserved  and  partly  uralitised.  These 
coarse  gabbros  with  their  giant  crystals,  and  with  no  chilled 
margins,  may  be  the  pegmatites  of  the  rock  which  gave  rise  to 
the  serpentine. 

Among  the  best  examples  of  coarse  gabbros  are  those  found 
on  the  beach  between  Lendalfoot  and  the  mouth  of  Pinbain 
Bum,  which  have  been  described  by  Professor  Bonney  and 
Professor  Heddle.  On  the  sandy  beach*^,  about  450  yards  south  of 
the  mouth  of  Pinbain  Bum,  a  vein  of  coarse  gabbro,  that  runs  in 
a  westerly  direction,  occurs  in  the  serpentine  and  traverses  an 
older  gabbro  composed  mainly  of  diallage.  The  junction  between 
the  serpentine  and  the  westerly  vein  of  gabbro  is  visible.  The 
former  rock  is  seen  adhering  to  the  edge  of  the  latter,  and  small 
inclusions  of  serpentine  occurs  in  the  gabbro.  A  specimen 
(No.  7806)  taken  from  the  northern  edge  of  this  vein,  whei-e  the 
rock  is  fine-grained  and  schistose,  shows  under  the  microscope 
**  that  it  has  been  subjected  to  a  considerable  amount  of  dynamic 
action  and  that  the  marginal  portion  was  originally  a  fine- 
grained rock,  similar  to  the  bands  of  fine-grained  granulitic 
gabbro  near  Millenderdale,"  to  be  referred  to  presently.  The 
following  description  by  Pi-ofessor  Bonney  applies  evidently  to 
this  locality  south  of  Pinbain  Bum,  where  he  recognised  gabbros 
of  two  ages :  * 

"  Rising  conspicuously  above  the  serpentine  and  the  sand  are 
two  dykes  of  a  hard  whitish  rock,  spotted  with  brown.  A  short 
examination  shows  this  to  be  a  gabbro  of  plagioclase  and  diallage, 
in  which,  as  at  the  Lizard,  the  former  mineral  has  been  converted 
into  a  kind  of  saussurite.  It  always  forms  the  major  part,  and 
sometimes  almost  the  whole  of  the  rock.  As  it  resists  the 
weather  better  than  the  diallage,  the  rock  has  often  a  curious 
"  pock-marked "  aspect.  Close  at  hand  is  a  most  remarkable 
rock,  best  seen  near  the  southern  dyke  of  gabbro,  though  a  little 
of  it  also  occurs  near  the  other.  This  rock  consists  almost 
wholly  of  coarsely  crystallised  sub-metallic  diallage,  the  crystals 
being  often  two  or  three  inches  long.  It  breaks  into  serpen- 
tine in  irregular  branching  veins,  which  die  away  in  mere 
threads  (remaining  rather  coai'se  to  the  last,  like  the  gabbro  at 
the  Lizard) ;  in  places  it  has  almost  shattered  the  serpentine,  and 
includes  fragments  of  it.  Its  weathered  surface,  as  might  be 
expected,  is  extremely  rough,  the  diallage  crystals  projecting. 
The  thicker  parts  of  the  mass  form  little  skemes.  Here  the 
rock  may  be  four  or  five  feet  thick,  but  generally  it  is  in  veins 
not  more  than  a  foot  across.  Careful  examination  left  not  the 
slightest  doubt  on  my  mind  that  this  is  a  true  intrusive  rock,  and 
has  not  been  formed  by  segregation  or  otherwise. 

"I  have  examined  microscopically  each  of  the  above  rocks. 
In  the  fonner,  the  saussuritic  mineral  is  partly  translucent,  but 
for  the  most  pari  is  rendered  opaque  by  a  fine  earthy  dust  with 

♦  Quftrt.  Jour.  Geol.  Soc.,  vol.  xxxiv.  (1878),  p.  778. 
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a  somewhat  fibrous  arrangemeiit.  With  crossed  Xicols  the  field 
is  generally  dark,  but  exhibits  occasional  specks  and  streaks  of 
brighter  colours  and  indistinct  traces  of  aggregate  polarisation. 
In  one  or  two  parts,  however,  some  very  characteristic  plagioclase 
felspar  still  remains  (very  transparent  and  free  from  all 
enclosures,  except  some  minute  dark  acicular  microliths),  thus 
indicating  the  origin  of  the  saussuritic  constituent. 

"The  other  constituent  of  the  rock  exists  in  three 
forms — (a)  Crystalline  grains  of  diallage  (and  in  one  or  two  cases 
of  normal  augite)  comparatively  little  altered ;  (b)  wholly  or 
partly  replacing  diallage,  green-coloured,  strongly  dichroic, 
exhibiting  occasionally  very  characteristic  hornblende  cleavage ; 
(c)  a  transparent,  nearly  colourless,  and  non-dichroic,  rather 
fibrous  mineral,  which  sometimes  is  associated  with  either  of  the 
above,  sometimes  occurs  alone.  Part  of  this  exhibits  brilliant 
colours  with  crossed  Nicols ;  part  changes  from  a  light  bluish 
white  to  a  blue-black  like  some  fibrous  serpentines ;  the  former 
mineral  is  probably  actinolite,  the  latter  may  be  only  a  variety  of 
serpentine.  This  rock  thus  appears  to  have  been  a  coarsely 
crystalline  gabbro,  which,  perhaps,  contained  a  little  olivine. 

"  The  second  rock  is  prswitically  a  mass  of  diallage  crystals. 
Some  of  these  are  very  fairly  preserved,  others  are  traversed  by 
cracks  with  dusty  borders,  snowing  incipient  decomposition; 
while  others  are  green-coloured  and  dichroic,  indicating  a  change 
towards  uralite.  Others,  again,  are  full  of  microliths,  which  are 
bright-coloured  between  crossed  Nicols,  while  the  main  part  of 

the  crystal  is  dull  or  dark." 

« 

The  following  description!  of  coarse  gabbro  by  Professor 
Heddle  applies  to  one  of  the  localities  on  the  shore  north  of 
Lendalfoot.* 

"  The  specimens  examined  were  from  a  low  spit  which  pro- 
trudes far  seawards  about  mid-tide  level.  This  consists  for  the 
most  part  of  the  diallage  in  large  platy  and  intermatted  crystals  ; 
these  lie  embedded  in  a  granular  massive  hydrated  saussurite, 
the  rock  here  being  also  of  singularly  simple  constitution,  with 
no  accessories. 

**The  diallage  here  is  an  excellent  lype  of  this  variety  of 
augite,  broad  cleavage  foliations  and  even  crystal  faces  flash  with 
a  splendent  lustre,  but  with  a  uniformity  which  is  frequently 
broken  by  a  singular  reticulated  or  arborescent  appearance,  the 
interrupting  duller  structure  having  the  ordinary  non-lustrous 
appearance  of  the  stone." 

"The  pseudo-metallic  semi-nacreous  flash,  brought  out  in 
certain  positions  by  reflected  light,  appears  to  arise  from  an 
internal  reflection  from  flat  fissures  or  broad  cleavages.  Rough 
crystals  of  half  the  size  of  the  palm  of  the  hand  may  here  be 
obtained. 

*  Tranfl.  Boy.  Soc.  Edin.,  vol.  xxviii.,  p.  464. 
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"The  colour  is  olive  green;   the  specific  gravity  is  8'251. 
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Within  the  serpentine  area  near  Bumfoot,  and  about  a  mile 
south  of  Lendalfoot,  an  interesting  type  of  gabbro  shows  partial 
conversion  into  aluminous  serpentine.  Regarding  a  specimen 
of  this  type  (No.  6442)  Mr.  Teall  notes  that  "  the  whole  mass 
has  been  converted  into  a  soft  translucent  substance  which  can 
be  cut  with  a  knife.  The  darker  and  lighter  portions  of  this 
substance  probably  mark  the  positions  of  the  original  felspar 
and  diallage,  but  no  trace  of  these  minerals  remains.  Under  the 
microscope  the  rock  shows  a  more  or  less  structureless  mass  of 
indistinct  flecks  and  scales.  I  have  no  doubt  that  this  is  an 
aluminous  serpentine  (pseudophite)  similar  to  that  which  has 
been  described  as  occurring  near  Kynance  at  the  Lizard,  where 
it  also  arises  as  an  alteration  product  from  a  coarse-grained 
gabbro."  Another  specimen  of  altered  gabbro  from  the  same 
place  (No.  6443)  shows  **  altered  felspar,  green  and  brownish- 
green  hornblende,  a  little  unaltered  augite,  surrounded  by  green 
hornblende,  biotite  (scarce),  and  iron-ores.*' 

No  less  interesting  is  the  evidence  of  the  replacement  of  the 
pyroxene  by  hornblende  in  the  gabbro  masses.  One  example 
occurs  on  tne  south-east  side  of  Salachan  Hill,  in  the  valley  of 
the  Stinchar,  about  a  mile  to  the  south-west  of  Craigneil  Castle, 
where  uralitic  gabbro  is  found  in  association  with  the  serpentine, 
as  already  indicated  (p.  471).  Under  the  microscope,  this 
coarse-grained  granitoid  rock  (No.  6447)  is  found  to  be  com- 

Sosed  of  altered  plagioclase  and  pyroxene,  largely  replaced  by 
ornblende.  The  secondary  hornblende  has  often  been 
developed  as  minute  pale  green  needles  of  actinolite,  which  do 
not  lie  with  their  axes  parallel." 

At  the  base  of  the  south-east  slope  of  Balhamie  Hill,  a  quarry 
in  a  field  near  Deaf  stone  Farm,  about  700  yards  N.N.W.  of 
Colmonell  Parish  Church,  affords  an  excellent  exposure  of  a 
peculiar  type  of  gabbro-like  rock,  which  occasionally  occurs 
within  the  serpentine  area.     The  serpentine  is  seen  a  little  to 
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the  north  of  the  quaiTjr,  but  its  relations  to  this  rock  are  not 
visible.  A  typical  specimen  (No.  6450)  was  examined  by  Mr. 
Teall,  on  which  he  makes  the  following  note :  "  The  rock  is 
composed  of  large  and  more  or  less  irregular  black  and  white 
patcnes.  The  black  patches  are  formed  of  hornblende,  and  the 
white  of  felspar;  both  minerals  occurring  rather  as  aggregates 
than  as  individuals,  although  cleavage  faces  an  inch  across  may 
sometimes  be  observed  in  the  hornblende.  Under  the  micro- 
scope are  seen  plagioclase  in  large  plates,  and  more  or  lesa 
granular  aggregates  belonging  to  the  andesine-oligoclase  series, 
and  brown  compact  hornblende  also  occurring  in  large  irregular 
individuals  and  as  aggregates.  Apatite  and  iron-ores  occur  as 
accessories." 

Proceeding  now  to  the  consideration  of  those  phases  of  the 
gabbro  whicn  show  "flaser"  and  "augen"  structure,  we  may 
observe  that  these  types  are  best  seen  in  the  basic  masses  in 
the  southern  belt  of  serpentine  between  Balhamie  Hill   and 
Millenderdale.     Perhaps  tne  finest  examples  of  the  foliated  type 
in  the  Ballantrae  region  are  to  be  found  on  the  moor,  about 
one  third  of  a  mile  to  the  east  of  Millenderdale  Farmhouse. 
Here  the  foliated  igneous  rocks  form  a  series  of  rocky  knolls  or 
bosses,  traceable  at  intervals  over  half  a  mile  of  ground,  until 
they  are  covered  unconfoimably  on  the  north  side  by  the  Benan 
Conglomerate  and  associated  strata.     Where  the  fohation  planes 
are  best  developed,  at  the  south-east  margin  of  these  bosses,  their 
general  dip  is  towards  the  W.N.W.  and  N.W.  at  angles  varying 
from  SO^'-SS".      Special   reference  may  be  made  to  the   section 
exposed  on  a  rocky  knoll,  600  yards  east  of  Millenderdale,  on  the 
north  side  of  a  stone-fence  that  runs  due  east  from  that  farm- 
house.   Here  bands  of  coarse  gabbro  alternate  with  fine-grained 
granulitic  gabbro,  both  having  a  common  foliation,  the  planes 
of  which  oip  to  the  W.N.W.     Both  types  are  traversed  by 
irregular  vems  or  dykes  of  fine-grained  igneous  rock,  which, 
though  they  cut  the  foliated  masses,  are  not  themselves,  schistose. 
Specimens  of  these  three  varieties  were  here  taken  for  micro- 
scopic examination  which  are  thus  described  by  Mr.  Teall.     The 
first  (No.  7793)  is  a  coarse-grained,  foliated,  saussuritic  gabbro. 
"Its  principal  constituents  are  brown  hornblende,   a  pale   or 
colourless    pyroxene    and    plagioclase    (altered).     These    three 
constituents  occur  either  in  large  individuals  or  in  the  granulitic 
condition.     The  large  pyroxenes  are  more  or  less  inter-grown 
with  brown  hornblende,  and  frequently  have  on  their  margins  a 
granulitic  aggregate  of  hornblende  ana  pyroxene.     Iron  ores  are 
locally  abundant  in  the  thin  section,  and  bear  the  same  relation 
to  the  other  constituents  as  they  do  in  the  rocks  of  Druim-na- 
Eidhne   (Skye),   that  is,   tiiey   are  often   allotriomorphic   with 
respect  to  these  constituents."     The  second  specimen  (Ifo.  7791), 
exhibits  a  junction  between  the  coarse  and  fine  types  of  foliated 
gabbro.     "  The  coarse  rock  is  a  saussuritic  gabbro  in  which  the 
large  pyroxenes  are  more  or  less  replaced  by  brown  hornblende. 
The  fine-grained  rock  is  a  granulitic  aggregate  of  brown  horn- 
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blende,  malacolite  and  felspar  (altered).  These  ^ranulitic  rocks 
appear  to  me  to  be  comparable  to  the  granulitic  gabbit>s  of 
Druim-na-Eidhne."  Other  two  examples  of  the  fine-grained 
types  (7792  and  7794)  resemble  the  fine-grained  portion  of  7791 ; 
one  of  them  being  exceptionally  rich  in  orown  hornblende.  Mr. 
Teall  considers  that  these  fine-grained  rocks  may  be  conveniently 
referred  to  as  basic  granulites.  The  remaining  specimen 
(No.  7795)  was  taken  from  a  dyke  that  cuts  both  gabbros  and 
granulites.  Under  the  microscope  it  shows  "  phenocrysts  of 
turbid  plagioclavse  (indeterminable),  in  a  granulitic  matrix  of 
turbid  felspar,  unaltered  malacolite  and  chlorite.  The  ground- 
mass  of  this  rock  is  similar  in  structure  to  that  of  the  granulites 
and  the  malacolite  is  of  the  same  character.  There  is,  however, 
no  brown  hornblende. 

Again,  on  the  north-west  face  of  the  Breaker  Hill,  about  a  mile 
S.S.E.  of  Millenderdale,  at  the  margin  of  the  serpentine,  another 
example  of  the  foliated  type  is  met  with.  When  examined 
under  the  microscope,  the  section  (No.  6444)  shows  that  "  some 
folia  are  composea  almost  entirely  of  a  colourless  granular 
pyroxene ;  others  of  decomposition  products  after  felspar.  The 
rock  is  too  much  altered  for  precise  determination,  but  it  is 
probably  a  foliated  phase  of  the  gabbro." 

The  moor  between  Poundland  and  Knockdaw  Hill,  where 
the  veins  of  massive  picotite  occur,  near  the  source  of  the  Pound- 
land  Bum,  presents  a  coarse-grained  somewhat  foliated  rock  of 
the  gabbro  type,  which,  when  examined  microscopically  (No. 
6448),  shows  "felspar  mostly  destroyed  by  alteration,  p^e- 
coloured  pyroxene  in  large  patches,  and  granulitic  aggregates; 
biotite  also  in  large  plates,  and  granulitic  aggregates  and  iron- 
ores." 

The  serpentine  larea  between  Poundland  Moor  and  Balhamie 
Hill,  includes  a  type  of  fine-grained  banded  rocks  of  granulitic 
structure,  which  tave  probably  been  subjected  to  dynamic  meta- 
morphism,  and  which  contain  an  interesting  assemblage  of 
minerals.  One  example  of  this  series  forms  a  small  boss  protrud- 
ing through  the  turf,  close  to  the  edge  of  a  drained  lochan,  at  the 
southern  margin  of  the  serpentine  area,  about  a  mile  north-east 
of  Garnabum  Farmhouse.  Microscopic  examination  shows  that 
this  banded  granulitic  rock  (No.  6494,  Plate  XXII.,  Fig.  1)  is 
"  composed  of  malacolite,  brown  hornblende,  and  felspar.  The 
specimen  is  traversed  by  a  well-marked  grey  band,  in  which 
malacolite  occurs  to  the  exclusion  of  the  serpentine,  and  in  which 
iron-ore  is  fairly  abundant."  Another  instance  is  met  with  on 
Balhamie  Hill,  at  a  point  about  half  a  mile  due  west  of  the 
cairn  on  the  hill-top,  where  the  granulitic  rock  appears  as  aii 
isolated  knoll  near  a  sheep-fold.  A  specimen  taken  from  this 
exposure  shows,  under  the  microscope  (No.  6495,  Plate  XX, 
Fig.  2),  that  the  rock  is  "  essentially  composed  of  granulitic  felspar 
and  brown  hornblende,  together  with  a  small  quantity  of  reddish- 
brown  biotite.  The  grains  are  not  uniformly  scattered  through 
the  slide,  but  occur  in  aggregates.     In  some  places  the  felspar 
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aggregates  appear  to  replace  more  or  less  idiomorphic  felspars ; 
in  others  the  aggregates  of  both  felspar  and  hornblende  form 
streaks  or  folia.  It  is  highly  probable  that  the  granulitic 
structure  is  wholly  secondaiy."  A  third  example  forms  a  small 
boss  in  the  midst  of  an  alluvial  flat  a  third  of  a  mile  E.N.E.  of 
the  cairn  at  Balhamie  Hill-top,  and  a  third  of  a  mile  south-east 
of  Lochhead.  From  a  microscopic  section  (No.  6497)  it  appears 
that  the  rock  is  "too  fine  in  grain  for  precise  description,  but 
apparently  it  is  a  foliated  rock,  composed  essentially  of  small 
grains  of  brown  hornblende  and  altered  felspar.  It  is  a  rock 
similar  to  the  one  previously  described  (No.  6495),  in  which 
shearing  has  affected  the  entire  mass." 

In  the  northern  belt  of  serpentine,  on  the  north-west  slope  of 
Carleton  Hill,  near  Lendalfoot,  a  mass  of  epidiorite  near  the 
margin  of  the  serpentine,  is  associated  with  a  small  development 
of  hornblende- scnist.  A  specimen  of  the  epidiorite,  when 
examined  microscopically  (No.  6502),  displays  "  irregular  patches 
of  veiy  pale  green  nornblende,  and  more  or  lesn  altered  felspars, 
which  often  show  lath-shaped  outlines  penetrating  the  horn- 
blende ;  the  hornblende  is  probably  secondary  after  augite ; 
iron-ores  are  scarce."  A  section  (No.  0503)  of  the  hornblende- 
schist,  which  forms  part  of  the  same  mass,  shows  that  the  rock 
is  composed  of  "  green  hornblende  and  felspar,  with  iron-ores 
and  chlorite  as  accessories."  Another  example  (7802)  of  fine- 
grained hornblende-schist  with  much  epidote,  occurs  at  the 
margin  of  the  northern  belt  of  serpentine,  in  a  bum  about  a 
quarter  of  a  mile  west  of  Laigh  Knockclauch.  A  narrow  lenticle 
of  gametiferous  homblende^schist  is  to  be  found  within  the 
serpentine  area  and  about  thirty  yards  from  its  margin  on  the 
hill  slope,  600  yards  north-west  from  Laigh  Knockclauch,  which 
has  already  been  described  in  connection  with  the  flaser-rocks  along 
the  southern  margin  of  the  serpentine  area  between  Lendalfoot  and 
Lochton  (p.  458).  The  planes  of  echistosity  in  this  lenticle  are 
roughly  parallel  to  the  boundaiy  of  the  serpentine,  and  towards  its 
western  limit  it  shows  evidence  of  having  been  subjected  to 
marked  dynamic  action. 

In  addition  to  these  examples  which  show  more  or  less  trace  of 
foliation  probably  due  to  dynamic  action,  some  granulitic  rocks, 
exposed  in  small  isolated  masses  within  the  serpentine  area, 
suggest  the  probability  of  their  present  structures  being  due  to 
cofttact  metamorj)hism.  They  are  found  on  the  Littleton  Hill, 
the  western  termination  of  Balhamie  Hill,  near  the  edge  of  the 
cultivated  ground,  and  about  half  a  mile  north  of  Bougang 
Farmhouse.  Three  sections  have  been  prepared  from  specimens 
taken  from  these  bosses,  viz. :  Nos.  5927,  5928,  and  6496.  The 
first  (5927,  Plate  XX,  Fig.  1)  shows  "phenocrysts  of  basic 
plagioclase  in  a  granular  aggregate  of  brown  hornblende  and 
felspar,  reddish-brown  mica  being  also  present."  The  second 
is  composed  of  "  a  granulitic  aggregate  of  brown  hornblende  and 
felspar,  with  minute  specks  of  iron-ore."  The  third  displays  "  a 
few  phenocrysts  of  felspar  in  a  ground-mass  of  brown  hornblende 
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and  more  or  less  lath-shaped  felspar,  with  a  few  specks  of  iron- 
ore."  The  relations  of  these  grannlitic  rocks  to  tne  serpentine 
are  here  also  concealed  from  view.  All  that  we  certainly  know 
is  that  the  rocks  He  within  the  serpentine  area.  Their  origin  is  a 
matter  of  doubt.  If  they  represent  an  altered  phase  of  the 
porphvritic  diabase-lavas,  then  the  matrix  must  have  been 
entirely  recrystalHsed. 

Reference  may  now  be  made  to  ceitain  lenticular  masses  and 
veins  of  dolerite,  which  at  various  places  present  chilled  margins 
along  their  lines  of  contact  with  the  serpentine.  Frequently 
they  have  a  sinuous  course,  and  are  very  irregular  in  their  mode 
of  occurrence,  differing  in  this  respect  from  the  basalt  dykes  of 
Tertiarjr  age.  Professor  Bonney  has  already  called  attention  to 
the  existence  of  rocks  of  this  type  near  Lendalfoot  hamlet, 
suggesting  that  they  are  veins  rather  than  dykes.  He  states 
that  "  in  the  thicker  parts  thfey  resemble  dolerites,  mottled,  dull, 
white  and  dark-grey  (sometimes  like  a  fine  variety  of  the 
Corstorphine  rock),  and  they  appear  to  pass  into  thin  veins  (less 
than  a  foot  thick)  of  a  compact  pinkish-grey  rock  with  aull, 
green  spots."  He  adds  that  the  microscopic  examination  con- 
firmed his  view  of  the  igneous  character  of  these  rocks,  for  "  the 
coarser  varieties  consist  mainly  of  felspar  (or  rather  of  what  was 
once  felspar,  probably  plagioclase,  but  is  now  an  aggregate  of 
earthy  dust  and  bright-coloured  irregular  microliths)  and  well- 
preserved  augite,  of  a  serpentinous  mineral,  and  of  decomposed 
ilmenite.  The  finer  variety  is  so  completely  decomposed  as  to 
show  little  of  its  original  constitution."* 

During  the  recent  revision  by  the  Geological  Survey,  three 
specimens  were  taken  from  one  of  these  intrusive  dykes  on  the 
shore  300  yards  north  from  the  hamlet  of  Lendalfoot  opposite  the 
Sailor's  Monument  (Plate  XIV) ;  the  first  from  the  chilled 
margin  in  visible  contact  with  the  serpentine,  the  second  a  little 
fui'ther  inwards,  and  the  third  from  the  centre  of  the  mass. 
This  intrusive  mass,  which  runs  roughly  parallel  to  the  shore, 
contains  small  inclusions  of  serpentine  and  the  latter  rock  ia 
likewise  seen  adhering  to  the  walls  of  the  dyke.  The  first 
(No.  6451)  is  a  dense  compact  grey  rock  that  shows  a  few 
phenocrysts  of  plagioclase  in  an  extremely  fine-grained  matrix, 
the  constituents  of  which  cannot  be  satisfactorily  determined,  the 
second  (No.  6452)  is  a  medium-grained,  dark,  massive  rock, 
which  under  the  microscope  shows  "  augite,  lath-shaped  plagio- 
clase, and  iron-ores,  with  chlorite  and  epidot«  as  secondary 
accessories.  Biotite  occurs  generally  in  association  with  the 
iron-ores  as  a  primary  accessory";  the  third  fNo.  6453)  is  a 
moderately  coarse-grained  dark  massive  rock,  *  which  has  the 
same  constituents  as  the  preceding,  with  this  exception,  that 
biotite  is  not  present  as  an  accessory." 

At  Lendalfoot  a  porphyritic  dolerite  likewise  occurs  as  in- 
trusive veins  in  the  serpentine.     A  slide  of  this  type  (No.  6454) 

*  Quar.  Jour.  Q«ol.  Soo.,  toI.  xxzir.,  p.  789. 
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displays  ''  phenocrysts  of  basic  plagioclase,  often  measuring  more 
than  a  quarter  of  an  inch  across,  set  in  a  ground  mass  of  augite, 
lath-shaped  plagioclase,  and  iron-ores,  with  chlorite  and  epidote 
as  secondary  accessories/'  Similar  porphyritic  dolerite  with 
chilled  margins  occur  at  the  edge  of  the  serpentine  area,  on  the 
south-west  side  of  Knockdaw  Hill. 

These  intrusive  dolerites  are  well  developed  in  the  neighbour- 
hood of  Gania  Bum,  about  a  mile  north-east  of  the  village  of  Col- 
monell,  where  they  form  rocky  knolls  protruding  through  the 
serpentine  on  the  west  side  of  the  valley.  The  junctions  with 
the  serpentine  are  visible  about  half  a  mile  up  the  stream  from 
Gamaburn  Farmhouse,  at  the  south-eastern  limit  of  the  alluvial 
fiat  below  Boghead.  A  section  cut  from  a  knoll,  about  200  yards 
south-east  of  Boghead  Cottage  (So,  5920),  shows  "  a  few  large 
grains  of  olivine,  traversed  by  veins  of  magnetite  and  presenting 
a  turbid  appearance,  in  consequence  of  the  presence  of  minute 
specks,  lath-shaped  plagioclase,  pale-brown  augite,  brown  horn- 
blende, and  iron-ores/'  The  rock  has  been  named  by  Mr.  Teall 
a  porphyritic  honiblende-olivine-dolerite.  Similar  intrusive 
junctions  between  the  dolerites  and  serpentine  occur  on  the  east 
side  of  Garna  Bum,  on  the  moor,  about  three-quart^^rs  of  a  mile 
due  north  of  the  farmhouse  of  that  name. 

Again,  at  the  base  of  the  northern  slone  of  Knockdolian  Hill, 
several  lenticular  masses  of  basic  rock  protrude  through  the 
serpentine ;  one  of  these,  named  on  the  six-inch  map  "  Dunie- 
wick,"  has  a  chilled  margin  with  the  serpentine,  the  latter 
adhering  to  it  in  patches.  The  strip  of  intrusive  rock  which 
forms  Balnowlart  Knowes,  about  a  mile  and  a  half  north-east 
of  Ballantrae,  and  is  bounded  on  the  north  by  serjientine,  on 
the  south  by  volcanic  agglomerate,  is  composed  of  dolerite,  con- 
taining augite,  plagioclase,  and  iron-ores,  with  chlorite  as  a 
secondary-  j)i-oduct.  In  like  manner  the  rock  at  the  Castle  of 
Ballantrae,  which  pierces  the  agglomerate  of  Mains  Hill,  is  a 
dolerite  (Xo.  G4G0)  with  traces  of  ophitic  stinicture,  and  con- 
taining augite,  altered  plagioclase  in  broad  lath-shaped  sections, 
iron-ores,  and  chlorite.  The  rock  at  Ballantrae  Harbour,  the 
relations  of  which  are  uncertain,  is  a  dolerite  which  shows  under 
the  microscope  (No.  64()1)  plagioclase,  augite,  and  iron- ores,  with 
chlorite  and  other  decomposition  products. 

The  mass  of  basic  and  acid  intrusive  rocks  which  extend  from 
the  Byne  Hill  to  the  Grey  Hill,  present  certain  interesting 
petrographical  features  arising  from  the  marked  variation  of 
the  rock-types.  This  mass  forms  a  narrow  strip,  bounded  on 
the  south-east  by  serpentine  and  on  the  north  side  partly  by  the 
Benan  Conglomerate,  partly  by  the  Arenig  lavas,  and  partly  by 
ser])entine.  The  main  portion  of  the  area  is  composed  of  gabbro, 
hornblende-gabbro,  and  dolerite ;  while  the  B^Tie  Hill  and  Grey 
Hill  display  two  small  patches  of  quartz-diorite  and  granite, 
which  to  all  appearance  pass  gradually  into  the  more  basic 
varieties.  "Where  the  basic  rocks  are  in  confuct  with  the 
serpentine,  thev  are  more  fine-grained  than  towarus  the  centre 
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of  the  mass.  Some  of  the  microscopic  sections  prepared  from 
specimens  taken  from  the  margin  on  the  east  and  south-east 
sides  of  Byne  Hill  show  brecciation  or  cataclastic  structures,  due 
to  movement  between  the  basic  rocks  and  the  serpentine. 

In  order  to  show  the  variation  in  the  rock  types  and  the 
character  of  the  rocks  at  the  margin,  specimens  were  collected 
from  the  east  and  south-east  slopes  of  Byne  Hill,  which  have 
been  examined  by  Mr.  Teall,  who  furnished  notes  on  the  respec- 
tive specimens  and  microscopic  sections.  Several  were  taken 
from  the  margin  of  the  basic  mass,  nearly  due  east  of  the  cairn 
on  the  hill-top ;  the  rest  were  collected  from  the  south-east  slope, 
along  a  line  extending  from  the  junction  with  the  serpentine 
in  a  north-west  direction  towards  the  cairn  on  the  hill-top. 

The  observations  of  Mr.  Teall  may  thus  be  briefly  summarised. 
On  the  east  side  of  Byne  Hill,  the  oasic  rock  in  contact  with  the 
serpentine  (No.  6465)  is  compact,  and  shows  under  the  micro- 
scope "a  confused  crypto-or  micro-crystalline  aggregate  of 
indeterminable  minerals.  Here  and  there  granular  aggregates 
of  pyroxene  may  be  recognised,  and  small  grains  of  iron-ore  are 
scattered  through  the  slide.  The  original  character  of  this  rock 
appears  to  have  been  destroyed  both  by  alteration  of  the  con- 
stituents and  by  movement."  Another  specimen  (No.  7786) 
also  from  the  margin  of  the  basic  mass  in  contact  witb  serpentine 
is  "  a  compact  brownish  rock,  showing  decided  traces  of  a  porphy- 
ritic  structure  when  examined  with  a  lens.  Under  the  micro- 
scope, the  phenocrysts  are  found  to  be  either  felspars  or  pseudo- 
morphs  after  idiomorphic  augite.  The  pseudomorphs  after 
augite  are  formed  either  wholly  or  partially  of  brown  hornblende 
similar  to  that  which  occurs  in  the  rocks  of  Littleton  Hill 
(No.  5927).  The  ground-mass  is  very  fine  in  grain.  Examined 
with  a  high  power,  it  is  seen  to  be  an  aggregate  of  brown  horn- 
blende and  felspar.  It  resembles  the  ground-mass  of  the  rocks 
from  Littleton  Hill  in  composition  but  the  structure  is  much 
finer." 

Westwards  from  its  margin,  for  a  distance  of  about  70  yards, 
the  basic  rock  varies  from  homblende-olivine-gabbro  (No.  6470), 
with  "large  ophitic  individuals  of  nearly  colourless  augite, 
olivine,  labradorite,  with  brown  hornblende  as  an  accessory 
constituent,"  to  homblende-gabbro.  The  latter  rock  (No.  6475) 
contains  hornblende,  both  brown  and  uralitic,  altered  felspar, 
iron-ores,  little  or  no  pyroxene  and  a  little  biotite.  At  a  point 
about  76  yards  from  the  edge  of  the  intrusive  mass,  the  eruptive 
rock  becomes  richer  in  felspar.  About  86  yards  from  the  margin 
it  merges  into  a  quartz-biotite-diorite,  and  still  nearer  the  top 
of  Byne  Hill  into  biotite-granite,  with  oligoclase,  orthoclase, 
quartz  and  biotite. 

Similar  evidence  is  obtained  from  the  southern  slope  of  the 
Grey  Hill,  where  a  fringe  of  basic  rocks  (dolerite  and  gabbro) 
fiurrounds  the  core  of  granite. 

Though  the  evidence  in  the  field  shows  that  the  passage  from 
the    homblende-gabbro    to    quartz-biotite-diorite    and    biotite 
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granite  is  tolerably  abrupt,  yet  no  indication  of  a  chilled  margin 
or  intrusive  junction  is  observable.  It  is  probable,  however, 
that  by  a  process  of  diiferentiatiou  the  biotite  granite  may  be  a 
slightly  later  product  of  the  same  magma  that  gave  rise  to  the 
basic  rocks. 

On  referring  to  the  Geological  Map  (Sheet  7)  it  will  be  seen 
that  the  various  plutonic  rocks  have  been  injected  mainly  along 
the  bedding-planes  of  the  volcanic  series  and  overlying  sedi- 
ments. Fortunately  there  is  definite  evidence  regarding  the 
date  of  these  intrusions,  for  they  are  clearly  older  than  the 
formation  of  the  Kirkland  and  ^enan  Conglomerates,  which 
are  mainly  made  up  of  their  detritus  and  rest  unconf  ormably  on 
the  volcanic  platfoim.  It  is  interesting  to  observe  that  the 
evidence,  though  imperfect,  points  to  the  conclusion  that  the 
total  thickness  of  conformable  sediments  under  which  the 
intrusive  rocks  were  injected  was  not  great,  and  yet  the  injections 
include  coarsely  crystalline  rocks  such  as  gabbro  and  granite. 
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CHAPTER  XXI. 

THE  GIRVAN  Bl^TBlUI—ccmtmued, 

LLAA'DEILO-CARADOC  SEDIMENTARY   (GIRVAN)   SERIE?. 

After  the  completion  of  the  volcanic  episode  in  Lower  Silurian 
time,  and  the  deposition  of  the  Arenig  cherts  and  overlying 
sediments,  these  various  accumulations  were  elevated  and 
exposed  to  denudation.  During  this  process  the  cover  of  con- 
formably overljing  sediments  was  removed,  and  the  lavas, 
agglomerates,  and  accompanying  plutonic  rooks  were  laid  bare. 
Tlie  detritus  of  these  older  rocks  furnished  the  materials  of  the 
conglomerates  (Kirkland  and  Benan)  at  the  base  of  the  Girvan 
series,  the  green  matrix  of  the  conglomerate  being  made  up  of 
triturated  igneous  materials,  and  the  pebbles  being  composed 
of  Arenig  cheii,  black  shale,  lavas,  and  tuffs,  together  with 
serpentine,  gabbro,  dolerite,  and  even  the  granite  of  Byne  Hill. 
These  conglomerates,  which  are  associated  with  the  Stinchar 
Limestone,  rest  unconformably  everywhere  to  the  north  of  the 
Stinchar  valley  on  all  rocks  older  than  themselves,  sometimes  on 
the  serpentine  and  gabbro.  Further,  relics  of  the  Stinchar 
Limestone  group  with  its  characteristic  fossils  occur  as  small 
outliers  on  tne  plateau  of  intrusive  igneous  rocks  at  Bougang  and 
near  Knockdolian  Barns.  Indeed,  from  the  manner  in  which 
different  members  of  the  Benan  Conglomerate  and  Stinchar 
Limestone  group  overlap  each  other,  ana  successively  rest  on  the 
volcanic  plateau,  it  appears  that  the  latter  must  have  been 
subjected  to  unequal  movement  and  subsidence  towards  the 
close  of  Llandeilo  time. 

In.  the  historical  account  of  Professor  Lapworth's  researches 
in  the  Girvan  area  (Chap,  II),  a  description  has  been  given  of 
the  order  of  succession  of  the  fossiliferous  rocks  of  the  Girvan 
series  which  he  established.  During  the  recent  examination  of 
that  region  by  the  Geological  Survey,  his  views  regarding  the 
physical  relations  of  the  beds  and  the  sequence  of  the  groups 
have  been  confirmed,  save  in  some  minor  points.  To  his  paper 
on  "  The  Girvan  Succession,"  of  which  ample  use  has  been  made 
in  the  preparation  of  this  description,  the  reader  is  referred  for 
more  minute  details  than  are  here  given.  In  the  sequel  we  adopt 
the  general  classification  which  he  propounded. 

The  Barr  Series. 

The  members  of  this  series  are  typically  developed  on  the 
north  side  of  the  valley  of  the  Stinchar,  near  the  village  of  Barr, 
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where  the  characters  of  the  various  sub-divisions  and  their  rela- 
tions to  each  other  are  displayed  in  numerous  natural  sections. 
Here  they  present  the  following  succession  in  descending  order : 

7.  Benan  conglomerate. 
f  6.  Green  mudstones  and  shales  with  graptolites. 
Stinchar    |  5.  Compact  limestones,  sparingly  fossiliferous. 
Limestone  ^  4.  Nodular  limestones  with  frequent  partings  of  shales, 
Group.  highly  fossiliferous  {Maclureor-heds), 

^  3.  Impure  calcareous  flags  with  Orthis  con  finis. 
2.  Purple  sandstones  and  grits. 
1.  Purple  conglomerate  (Kirkland). 

The  dominant  feature  of  this  series  is  the  massive  conglo- 
merate of  Benan,  so  remarkable  in  its  lithological  characters 
and  so  strikingly  developed  on  the  elevated  ridge  forming  the 
Benan,  Kirkland,  and  Auchensoul  Hills,  north  of  the  Stinchar 
valley.  The  peculiar  dark- green  matrix,  derived  from  the  dis- 
integration of  the  basic  igneous  rocks,  which,  when  exposed  to 
atmospheric  agencies  along  the  banks  of  the  stream,  decomposes 
readily  and  frequently  crumbles  away  under  the  touch  of  the 
hammer,  and  further,  the  varied  assemblage  of  well-rounded 
boulders  from  the  Arenig  volcanic  plateau,  are  features  that 
cannot  fail  to  impress  the  geologist.  From  the  Benan  Hill  to 
the  terraced  slopes  of  the  Milljoan  and  Milton  Hills  this 
remarkable  conglomerate  can  be  traced  along  the  strike  for  a 
distance  of  six  miles,  while  from  the  village  of  Barr  it  stretches 
northwards  to  the  sources  of  the  Water  of  Assel  and  Penwhapple 
Bum.  It  reappears  in  many  other  remarkable  sections,  as  will 
be  shown  in  me  sequel,  but  wherever  it  occui's  its  peculiai* 
characters  are  readily  recognised.  The  section  chosen  by 
Professor  Lapworth  to  illustrate  the  sequence  of  the  Barr  series 
— that  of  the  Benan  Burn — ^is  by  far  the  best  in  the  whole 
Girvan  area  (Fig.  111). 

Benan  Burn. — This  stream,  which  da-ains  the  southern 
slopes  of  the  Benan  Hill  and  joins  the  Stinchar  River  about  2j 
miles  to  the  south-west  of  the  village  of  Barr,  displays  each  sub- 
division of  the  series,  and  furnishes  excellent  opportunities  for 
studying  the  zones  in  detail  (Fig.  111).  Ascending  the  bum 
from  the  alluvial  terraces  of  the  Stinchar,  the  obsei'\'er,  after 
traversing  for  a  short  distance  a  deposit  of  boulder  clay,  reaches 
the  lowest  member — the  Earkland  Conglomei*ate.  Xo  great 
thickness  of  this  band  is  here  visible.  It  is  better  developed  on 
the  adjacent  slopes  of  Craigbickerae  Hill,  to  the  south-west.  The 
matrix  of  this  conglomerate  is  usually  of  a  purple  colour,  differ- 
ing in  this  respect  from  that  of  the  ^Senan  band,  which  is  green, 
and  its  texture  is  usually  also  much  harder.  It  is  likewise 
traversed  by  innumerable  veins  and  strings  of  calcite.  But  as 
regards  the  constituents  of  the  matrix,  and  the  characters  of  the 
included  pebbles,  the  conglomerate  of  Kirkland  resembles  that 
of  Benan.     It  includes  representatives  of  the  various  types  of 
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Arenig  lava,  together  with  blocks  of  gabbro,  dolerite,  granite, 
black  shale,  radiolariaii  chert,  and  sandy  greywacke,  all  of  which 
can  be  identified  as  having  been  derivea  from  the  Arenig 
volcanic  plateau  and  its  overlying  cover  of  sedimentary  material. 

The  Xirkland  conglomerate  (2a),  which  dips  north- westwaids, 
is  immediately  succeeded  by  purple  sandstones  and  grits,  with 
partings  of  sandy  shales  forming  a  transitional  zone  between 
the  conglomerate  below  and  the  overlying  calcareous  flagstones 
(2b).  The  latter  zone  {Orthis  confinis  flags)  is  one  of  the  im- 
portant fossiliferous  horizons  in  the  Barr  series,  and  forms  the 
lowest  sub-division  of  the  Stinchar  Limestone  group.  These 
impure  calcareous  flagstones,  owing  to  the  irr^idar  distribution 
of  the  calcareous  matter  in  them,  graduate  into  calcareous  sand- 
stones, and  often  contain  nodules  of  limestone,  which,  when 
dissolved  out,  give  rise  to  a  honey-combed  surface.  Weathering 
with  a  brown  or  purple  colour,  they  form  a  striking  contrast  to 
the  nodular  bands  of  white  limestone  in  the  overlying  zone.  The 
included  fossils  are  almost  wholly  brachiopoda,  and  the  most 
abundant  species  is  Orthis  confinis  (Salter),  with  which  are 
associated  Orthis  altemata  (Salter),  Strophonvena  grandis  (Sal- 
ter), &c.  Dipping  towards  the  north-west,  at  an  angle  of 
25^  the  Orthis  canfinis  flags  are  immediately  followed  by  the 
prominent  zones  of  the  Stinchar  Limestone  (2c).  The  lower 
sub-division  is  composed  of  nodular  limestone,  with  numerous 
partings  of  shale,  which,  in  several  sections,  are  highly  fossili- 
ferous, yielding  the  characteristic  form  Madurea  Logani,  with 
Tetradium  Peachi  and  other  organisms.  The  upper  member 
consists  of  flaggy  compact  limestones,  which  are  sparingly 
fossiliferous,  though  Jiere  charged  with  Saccamina  and  the  peculiai' 
Girvanella,  the  latter  being  so  abundant  as  to  constitute  a 
prominent  constituent  of  the  rock.  These  limestones  are 
admirably  seen  at  the  fork  of  the  Benan  Bum  and  in  the  branch- 
ing streams,  as  well  as  in  the  limestone  quarry  where  the  streams 
unite.  Though  the  characters  of  the  bands  may  here  be  studied, 
yet  the  exposures  are  not  so  suitable  for  obtaining  fossils  as  at 
Minuntion  Quarry,  and  other  places,  where  the  rocks  have  been 
extensively  worked  (Fig.  111). 

At  the  head  of  the  Benan  Burn,  four  rivulets  unite  to  form 
the  main  stream,  which  furnish  excellent  sections  of  the  two 
highest  menibei*s  of  the  series.  The  compact  limestones  above 
the  fork  dip  to  the  north-west  at  37°  underneath  a  band  of 
greenish,  hard  and  nodular  mudstones  (2d).  Though  flnely 
laminated,  they  weather  in  a  concretionary  form,  break  under 
the  hammer  with  an  irregular  fracture,  and  likewise  effervesce 
freely  with  acid.  They  have  yielded  a  few  graptolites  and 
brachiopoda,  but  only  after  prolonged  search.  The  best  exposure 
is  in  the  west  branch  of  the  Benan  Bum,  to  the  west  of  the  lime- 
stone quarry,  where  the  following  assemblage  of  fossils  was  ob- 
tained by  the  Survey : 
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Glo88ograptus  Hincksi  (Hopk.)  Clhnacograptus  bicomia  (Hall.) 

Diplographis  rugosus  (Emm.)  Turrilepas  sp. 

,,  euglyphus  (Jj&\iyf .)  LinguUi  ovata  (fiVCov .) 

Didijmograptua  sp.  ,,       Rain»ay%  (Salt.) 

LHcranograpt'Us  sp.  Siptu))iotreta  niicula  (M*C«y.) 
DiceUograpUis  sp.  ,,  scotica  (DskV.) 

Oliinacograptu*  Schcirenhergi  (Lapw.) 

Professor  Lapwortli  records  the  forms  given  in  the  annexed 
list  from  the  same  locality : 

(TliUhrograptus  Cuneiforms  (Lapw.)  Diplog^nptus  rugoaus  (Emm.) 

Didi/mograptus  superstes  (Lapw.)  Siphonotreta  micxda  (M,Coy.) 

Olossograptus  Hincksi  (Hopk.^  Acrotreta  NichoUoni  (Dav.) 
Crifptograptus  tricomis  (Carr.) 

The  green  niudstones  are  overlain  by  the  Benan  Conglo- 
merate  (2e),  which  forais  numerous  small  escarpments  on  the 
slopes  of  the  Benan  Hill,  and  dips  north-westwards  at  an  angle 
of  40®,  which  decreases  to  about  15"  further  up  the  hill. 

Sections  along  the  line  of  outcrop  of  the  Stinchar  Limestone 
group  on  the  north  side  of  the  valley  of  the  Stinchar,  afford 
clear  proof  of  the  same  succession  of  strata.  By  means  of  natural 
exposures  and  quarries,  the  limestone  can  be  traced  more  or  less 
continuously  for  a  distance  of  three  miles  from  Auchensoul  Bum 
to  Minuntion.  Along  this  line  the  strata  dip  persistently  to  the 
north-west,  as  in  Benan  Burn. 

In  the  Kirkland  Bum,  the  section  across  the  higher  beds 
is  not  quite  continuous,  for  it  is  truncated  by  small  faults,  but 
the  Benan  Conglomei^ate,  graptolite  shales,  and  limestone  occupy 
their  relative  positions.  From  the  horizon  of  the  limestone  a 
nearly  continuous  sequence  may  be  traced  downwards  to  the 
Eirkland  Conglomerate. 

In  the  neighbourhood  of  Auchensoul,  various  exposures  of  the 
fossiliferous  zones  are  to  be  found,  (1)  on  the  slopes  of  Kirk- 
dominae  Hill,  (2)  in  Kirkdominae  Burn,  (•})  in  the  Auchensoul 
Bum.  At  some  of  these  places  the  beds  are  much  disturbed 
and  traversed  by  faults,  which  affect  the  continuous  sequence, 
but  not  the  relative  position  of  the  strata.  The  fossiliferous 
zones  of  the  Stinchar  Limestone  are  visible  in  several  old  quarries 
on  Kirkdominae  Hill,  where  Nidxdiies  favus  (Salt.),  Lin<fulella 
'David  ?  (Salt.),  CIcidopIwrus  sp.  were  collected  by  the  Geological 
Survey.  From  the  thin  seams  of  calcareous  shales,  interleaved 
in  the  limestones  at  this  locality.  Professor  Lapworth  records 
Le)df('na  sericea,  Orthis  cnUtjrainmn.  0,  Idforata,  Turrilejjas  sp., 
Cf/there  aldeiisis,  Asa} thus,  Kncrinurm ;  while  Mrs.  Gray  has 
obtained  Cyihcre  sp.,  JJin/hjmene. 

In  the  prolongation  of  this  series  from  the  Benan  Bum  south- 
west to  Minuntion,  similai*  evidence  may  be  obtained  in  supiwrt 
of  the  general  sequence  of  the  beds,  while,  at  the  same  time, 
certain  data  present  themselves,  suggestive  of  a  gradual  overlap 
of  the  Benan  conglomerate  on  to  the  flaggy  limestones.  Indeed, 
indications  of  this  overlap  make  their  appearance  not  far  to  the 
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west  of  the  coomb-shaped  hollow  at  the  head  of  the  Beuan  Burn. 
For  as  the  upper  boundary  of  the  limestone  and  the  lower  limit 
of  the  Benan  Conriomerate  are  followed  along  their  lines  of  out- 
crop to  the  south-west,  they  gradually  approach  each  other, 
though  their  actual  contact  is  not  visible,  the  intei-vening  zone 
of  graptolitic  mudstones  gradually  disappearing  from  view.  Pro- 
fessor Lapworth  has  called  attention  to  similar  phenomena  to 
the  west  of  the  Auchlewan  Bum,  in  an  old  quany,  where  the 
junction  between  the  conglomerate  and  the  limestone  is  visible, 
which  he  thus  describes : 

"  The  flaggy  and  compact  limestones  dip  into  the  hill  at  their 
normal  inclination,  and  are  in-egularlj'  surmounted  by  a  solid 
mass  of  conglomerate  dipping:  i^  the  same  direction,  but  at  a 
slightly  inferior  angle.  The  line  of  contact  is  most  irregular. 
The  limestone  has  all  the  appearance  of  having  been  greatly 
eroded  previous  to  the  deposition  of  the  conglomerate.  The 
regular  oeds  of  limestone  strike  abruptly  at  the  lower  portions 
of  the  pudding-stone,  and  patches  of  the  former  are  found  ad- 
hering irregularly  to  the  weathered  basal  beds  of  the  latter. 
The  conglomerate  itself  is  almost  destitute  of  anything  like 
bedding,  but  some  of  the  natural  planes  of  deposition  are  shown 
by  the  linear  arrangement  of  bands  of  small  pebbles.  In  the 
lowest  beds  a  few  fragments  of  limestone  are  visible  of  the 
general  size  of  marbles.  The  appearances  seen  are  difficult  to 
explain  on  the  hypothesis  of  a  fault,  owing  to  the  presence  of 
patches  of  limestone  in  the  conglomerate ;  but  if  they  are 
actually  due  to  an  unconformabQity,  we  have  to  suppose  that 
within  the  insignificant  distance  of  about  200  yards  the  entire 
thickness  of  the  Didymograptus  shales  must  have  been  eroded 
previous  to  the  deposition  of  the  basal  beds  of  the  Benan  Con- 
glomerate, and  in  addition  some  slight  thickness  of  the  compact 
limestone  itself."*  Professor  Lapworth,  however,  is  of  opinion 
that  this  conjunction  of  the  beds  may  be  ascribed  partly  to  the 
effect  of  a  fault  and  partly  to  certain  peculiarities  of  the  basal 
beds  of  the  conglomerate.  Similar  phenomena  are  observable 
in  certain  exposures  in  the  valley  of  the  Water  of  Assel,  to  be 
referred  to  presently. 

In  the  burn  of  Auchlewan,  and  on  the  adjacent  slope  to  the 
east,  the  flaggy  limestones  and  Orthis  con  finis  flags  are  visible; 
the  fossiliferous  limestones  are  likewise  seen  in  the  deserted 
quarries  north-west  of  the  farmhouse  of  that  name.  By  means  of 
occasional  exposures  they  can  be  traced  in  a  south-west  direction 
to  the  banks  of  the  Stinchar  at  Minuntion. 

Minuntion  Quarry. — The  section  in  this  quarrj^,  where 
the  rock  was  formerly  excavated  for  local  economic  purposes,  is 
of  special  interest,  on  account  of  the  excellent  exposure  of  the 
Orthis  con  finis  flags  and  the  overlying  limestones  of  the  Maclurea 
zone.  The  characteristic  brachiopoda  of  the  former  sub- division 
here  occur  in  profusion,  though  the  species  are  few  in  number. 

•  "  The  Girvan  Succession."    Quart.  Jour.  Geol.  hjoc.,  vol.  xxxviii.,  p.  662. 
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The  limestones  are  also  Highly  fossiliferous.  The  fossils  given 
in  the  subjoined  list  were  here  obtained  from  the  limestone  by 
the  Geological  Survey: 

Serjmlites  UmgiMivws  (Murch.)  BeUerophon  sp. 

Crinoids.  Holopea  sp. 

lllanus  (Bumasttui)  Boumiani  (Salt.)  Madurea  Logani  (Salt.) 

Phacops  (Acaste)  Brongniarti  (Portl. )  , ,         M^Cctyi  (Salt. ) 

Bemopleurides  lateri^nifer  (Portl.)  ,    Met<y>tanui  (Tryblidium)  sp. 

,,            Colbii  (Portl.)  Ophileta    (Madurea)    macromphala 

Leptoena  sericea  (Sow.)  ,           (M*Coy.) 

,,  (Plectambonit€s)quinquecostata  Murchisonia  gracUia  (H.sM,) 

(M  *Coy . )  , ,           Wctncto  ?  (HaU. ) 

,,              ,,      tra/nsversalis(Wa,hh)  '             ,,           m'teUta  (Bill.) 

Orthis  caUigramma  (Dalm.)  Pleurotonvaria  qualteriaia  (Schl.) 

,,      confinis  (Salt.)  Bhaphidoma  (Pleurotomaria)  lenti- 

RhynchaneUa  biUdetchiensis  (Dav.)  cularis  (Sow.) 

Siphonotreta  acotica  (Dav.)  Trochus  sp. 

Strophomena  expanaa  (Sow.)  Oyrtoceraa  incequiaeptum  (Portl.) 
Pleurorhynchua  (Conocardium)  sp. 

From  the  underlying  calcareous  flags,  the  Survey  has  collected 
Orthis  confinis  (Ssklt.),  O.flabellulum  (Sow.),  0.  caUigramma  (Dalm.), 
Strophomena  expansa  (Sow.) 

In  addition  to  these  fossils  from  the  limestone,  Mrs.  Gray 
records  the  following : 

Lingula  grantiUita  (Phil.)  Oheirurtia  bimucroncUus  (Murch.) 

,,       Bainaayi  {Salt.)  Madurea  magna  (LesM.) 

Bhynchonella  ruisuta  (M'Coy.)  Ch/rtorerns  acoUcum  (Blake.) 

Aaaphua  gigaa  (De  Kay.)  , 


Professor  Lapworth  likewise  obtained  Orthis  hiforata,  Triplesia 
Orayif  and  lUcenus  latus. 

In  the  foregoing  paragraphs  we  have  described  the  outcrop  of 
the  Stinchar  Limestone  group,  on  the  noi-th  side  of  the  valley  of 
the  Stinchar,  from  Auchensoul  Bum  to  Minuntion,  along  the 
northern  limb  of  an  anticlinal  fold,  where  the  general  dip  of  the 
strata  is  towards  the  north-west.  We  will  now  refer  to  certain 
outcrops  of  the  limestone  at  Dularg,  on  the  south  side  of  the 
valley  opposite  Auchensoul,  where  the  calcareous  series  dips 
towards  the  south-east. 

Dularg. — In  the  bed  of  the  river  Stinchar,  below  Dularg, 
the  purple  sandstones  and  conglomerate  (Kirkland),  the  Orthis 
confinis  flags,  and  the  Madurea  limestone  zone  ai*e  met  with  in 
a  highly  disturbed  condition.  Though  the  strata  are  contorted, 
their  general  dip  is  to  tlie  south-east.  Again,  in  the  quarries  at 
the  farmhouse  of  Dularg,  the  limestones  appear  with  a  south-east 
dip,  but  here  they  have  a  purple  tint,  are  much  hardened  and 
veined,  and  have  been  truncated  on  the  south  side  by  a  powerful 
fault,  traceable  along  the  south  side  of  the  valley,  which  throws 
down  a  patch  of  Lower  Old  Red  Conglomerate  with  its  accom- 
panying lavas.  Other  small  exposures  of  reddened  limestone 
are  met  with  on  the  south  side  of  this  strip  of  conglomerate. 

It  is  clear  that  along  this  part  of  the  valley  of  the  Stinchar  the 
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members  of  the  Barr  series  aa'e  arranged  generally  in  the  form 
of  an  anticline,  with  minor  folds  on  the  south-east  limb.  The 
limestone  group  and  associated  strata  are  not  traceable  for  any 
distance  on  the  south  side,  owing  to  the  compound  anticline 
being  obliquely  truncated  by  the  powerful  fault  just  referred  to. 
It  is  highly  probable,  however,  that  the  Ballantrae  volcanic  series 
lies  at  no  great  depth  below  the  present  level  of  the  river 
Stinchar,  between  Auchensoid  and  Minuntion,  underneath  the 
Kirkland  conglomerate.  This  supposition  is  strengthened  by 
the  fact  that  as  we  descend  the  valley  from  Minuntion  to 
Kilpatrick  and  Finmore,  a  distance  of  about  a  mile,  the  Arenig 
lavas  and  intrusive  rocks  appear,  succeeded  by  coarse  conglo- 
merates, which  include  the  Maclurea  Logan  i  zone  of  the  Stinchar 
Limestone.  The  latter  is  met  with  at  the  northern  margin  of 
the  alluvium  on  the  north  side  of  the  Stinchar,  about  300  yards 
east  of  the  junction  between  the  Stinchar  and  Water  of  Assel. 

Stinchar  Limestone  Group  in  Assel  Valley. — 
When  the  observer  crosses  the  prominent  ridge  formed  by  the 
Benan,  Kirkland,  and  Auchensoul  Hills  northwards  to  the  Water 
of  Assel,  he  finds  numerous  outcrops  of  the  Stinchar  Limestone 
beds,  which  are  there  brought  to  the  surface  apparently  by 
means  of  isoclinal  folds  and  faidts.  They  are  traceable  at 
intervals  from  Craigwells  to  Dupin  on  the  south  side  of  the 
Water  of  Assel,  and  further  to  the  south-west  they  are  met  with 
on  Shalloch  Hill,  north-west  of  Daldowie.  They  appear  further 
north  between  Tramitchell  and  Brockloch. 

At  the  north-east  limit  of  these  exposures,  an  important 
section  is  to  be  seen  in  a  deserted  limestone  quarry  about  200 
yards  south  of  Craigwells  Cottage  and  about  half  a  mile  E.N.E. 
of  the  farmhouse  of  Brockloch,  where  the  strata  have  a  persistent 
dip  to  the  south-east.  The  highest  bed  visible  on  the  right- 
hand  side  of  the  quarry  is  the  Benan  Conglomerate,  which 
towards  the  base  contains  numerous  nodules  or  pebbles  of  the 
Stinchar  Limestone  with  its  characteristic  fossils.  The  conglo- 
merate is  underlain  by  eight  feet  of  green  shales  (graptolite 
shales),  which  yielded  to  Professor  Lap  worth  Lingula,  Acrotreta 
Nicholsoiii,  Viployraidits,  &c.,  and  which  rest  upon  the  compact 
and  nodular  limestones  of  the  Stinchar  group.  No  beds  lower 
than  the  limestone  are  exposed  on  the  right-hand  side  of  the 
quarry,  but  on  the  left  side  nodular  calcareous  sandstone  appears, 
charged  with  Orthis  confinis.  It  contains  limestone  nodules, 
with  an  occasional  pebble  of  altered  lava  and  chert,  and  rests 
unconformably  on  a  mass  of  decomposing  gabbro  or  basic  rock 
(Ballantrae  volcanic  series). 

In  the  same  quany  a  short  distance  to  the  south,  the  graptolite 
shales  are  interleaved  in  nodular  conglomei-ate  limestone,  the 
sequence  in  descending  order  being:  (1)  Benan  Conglomerate 
at  the  top,  five  feet;  (2)  shales  and  nodular  limestone,  seven 
feet ;  (3)  graptolite  shales,  ten  feet  six  inches.  In  this  case  also 
the  basal  beds  of  the  Benan  Conglomerate  contain  nodules  or 
pebbles  of  the  Stinchar  Limestone. 
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Further  to  the  south-west,  the  limestone  quarrj'-  about  700 
yards  east  of  BiX)ckloch  Faiinhouse  shows  the  Beiian  Conglo- 
merate resting  apparently  on  an  eroded  surface  of  the  limestone. 
Here  the  highest  bed  consists  of  Benan  Conglomerate,  containing 
the  usual  assemblage  of  pebbles  at  the  base,  and  numerous 
nodules  or  blocks  of  the  Stinchar  Limestone,  derived  to  all 
appearance  from  the  eroded  surface  of  the  compact  limestone. 
On  the  left-hand  side  of  the  quaiTv*^  calcareous  flagstones  are 
visible  with  Orthis  con  fin  is. 

From  this  auai'rj^  the  limestone  can  be  traced  at  intervals 
south-westwards  to  the  outcrops  visible  on  several  streams  near 
Dupin  farmhouse,  of  which  tne  three  most  important  mav  be 
briefly  referred  to.  The  eastmost  bum,  about  550  yards  E.lX.E. 
of  the  farmhouse,  furnishes  evidence  of  the  appearance  of  the 
Stinchar  Limestone  group  along  an  isoclinal  fold,  in  which  the 
strata  dip  to  the  south-east.  In  the  centre  of  the  isocline,  the 
Orthia  con  finis  flags  are  met  with  and  readily  yield  the  zonal 
form.  They  are  succeeded  on  both  sides  by  the  white  limestone 
of  the  Stinchar  group.  On  the  noiih-west  limb  of  the  fold  the 
graptolite  shales  plunge  with  an  inverted  dip  to  the  south-east 
beneath  the  limestone ;  on  the  south-east  side  of  the  arch  the 
section  ceases  with  the  limestone,  no  higher  beds  being  visible. 

In  the  Dupin  Mid  Bum,  about  250  yaids  east  of  the  farmhouse, 
the  beds  are  disturbed  and  traAci-sed  l>v  small  faults,  but  there 
is  a  clear  sequence  from  the  Benan  Conglomerate  through  cal- 
careous shales  to  the  compact  and  nodular  limestones  beneath. 
Like  the  sections  already  quoted,  the  basal  bed  of  the  Benan 
Conglomerate  contains  rounded  nodules  or  pebbles  of  limestone, 
suggestive  of  local  erosion,  though  Professor  Lapworth  is 
inclined  to  regard  the  relationship  as  probably  due  to  faulting. 
The  limestones  are  underlain  by  barren  sandv  grits. 

About  400  yards  west  of  the  farmhouse  oi  Uupin,  the  most 
complete  section  is  visible  in  Dupin  Glen,  the  beds  ranging  from 
the  Orthis  con  finis  flagstones  to  the  Benan  Conglomerate.  In 
the  upper  j)art  of  the  stream  the  Benan  Conglomerate  is  well 
seen  dipping  south-east  at  an  angle  of  37^,  and  containing  tlie 
usual  assemblage  of  Ballantrae  igneous  rocks,  together  with 
pebbles  of  Stinchar  Limestone.  Undenieath  lie  compact  and 
nodular  limestones,  which  jneld  to  the  Geological  Survey 
Maclnrra-  Lotjani,  These  are  underlain  by  nodular  calcareous 
flags,  from  which  Pi'ofessor  Lapworth  obtained  Orthis  confinis, 
Strophomena  ^pansa,  Illrenvs,  &c.  Northwards,  green  conglo- 
merate appears  like  that  of  the  l^enan  Hill,  so  that  it  is  highly 
j>robable  that  the  noi-theni  limb  of  this  fold  mav  here  be  faultecl 
out  (Fig.  111). 

From  the  evidence  supplied  by  the  various  exposures  along 
the  line  of  Dupin  and  Craigwells,  it  is  probable  that  they  do  not 
form  one  continuous  outcrop,  but  occur  on  different  folds.  In 
one  instance  (Dupin  East  Burn)  the  isoclinal  fold  is  still  pre- 
served ;  in  othei-s  it  is  probable  that  the  northern  limb  is  trun- 
cated bv  faults. 
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Shalloch  Hill. — Westwards  from  the  outcrops  just 
described  between  Craigwells  and  Dupin,  the  representatives  of 
the  Stinchar  Limestone  group  appear  along  the  northern  mamn 
of  the  inlier  of  volcanic  and  phitonic  rocks  on  Shalloch  ELill, 
and  are  exposed  in  two  quames  at  the  edge  of  tlie  cultivated 
ground.  In  the  western  opening  the  limestones  with  Maclurea 
rest  upon  calcareous  flags,  green  sandy  shales,  and  grits,  from 
which  Orthis  con  finis  was  obtained.  These  underlying  strata  are 
seen  reposing,  to  all  appearance,  unconformably  on  a  mass  of 
gabbro  to  the  south.  The  view  that  such  is  the  relation  of  the 
rocks  here  receives  support  from  the  fact  that,  about  200  yards 
south  of  this  quany,  in  the  heart  of  the  volcanic  rocks,  a  small 
outlier  of  the  Orthis  con  finis  flags  comes  in  contact  with  the  lavas 
and  agglomerates.     This  evidence  is  suggestive  of  overlap. 

In  the  eastern  quany,  the  junction  of  the  limestone  group 
with  the  igneous  rocks  to  the  south  is  not  visible,  but  it  is  evident 
that  the  limestones  are  much  folded  and  traversed  by  faults. 
North  of  these  quarries,  a  mass  of  gabbro  is  exjwsea,  which 
belongs  to  the  older  Ballantrae  volcanic  series,  and  in  the  lower 
portion  of  the  Auchenmady  Bum  the  Benan  Conj^lomerate 
succeeds.  On  the  south-east  side  of  the  volcanic  *'  inlier,''  the 
Benan  Conglomerate  is  faulted  against  the  igneous  rocks,  and 
on  Daldowie  Hill  it  appears  to  rest  unconformably  on  them. 

From  the  evidence  now  adduced,  which  is  by  no  means 
complete,  it  would  seem  that  the  existing  relations  of  the 
Stinchar  Limestone  group  to  the  Arenig  volcanic  rocks  of 
Shalloch  Hill  may  be  accounted  for  by  overlap,  folding,  and 
faults. 

Little  Letterpi n. — About  half  a  mile  to  the  south-west 
of  the  inlier  of  volcanic  rocks  at  Shalloch  Hill  and  Daldowie,  the 
Stinchar  Limestone  is  exposed  in  an  old  quarry  near  the  farm  oi 
Little  Letterpin,  on  the  west  side  of  the  Assel  Water,  associated 
with  the  Benan  Conglomerate  and  containing  Maclurea  Logani 
and  corals.  In  the  core  of  this  fold  the  underhdng  platform  of 
the  Ballantrae  volcanic  series  appears  as  already  described. 

Tramitchell. — On  the  north  side  of  the  Water  of  Assel 
a  good  development  of  the  Stinchar  Limestone  has  been  laid 
open  in  the  well-known  quan-ies  at  Tramitchell,  where  the  rock 
is  extensively  quarried ;  indeed,  next  to  Craighead,  this  place 
furnishes  the  chief  supply  of  lime  for  the  district.  Here  the 
beds  appear  along  a  faulted  anticline,  the  relations  of  which  are 
thus  described  by  Professor  Lapworth. 

"  At  a  first  glance  it  would  appear  that  at  least  100  feet  of 
compact  limestone  are  developed  at  this  locality,  but  this  ap- 
parently abnormal  thickness  is  delusive,  and  the  limestones  are 
actually  of  no  greater  vertical  extent  than  elsewhere.  A  long 
strike  fault  bounds  them  to  the  north,  throwing  down  against 
them  the  highest  zones  of  the  overlying  Benan  Conglomerate. 
The  limestones,  which  include  also  the  whole  of  the  Maclurea 
zone,  are  crumpled  up  against  this  fault  in  a  broken  anticlinal 
form,  and  dip  with  several  small  step- slips,  visible  in  the  quarry 
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face,  steadily  to  the  southwards,  as  if  passing  below  the  Benar 
Conglomerate  of  the  flats  of  Assel.  The  sharp  anticline  in  the 
nei^bonrhood  of  the  fault  is  well  seen  at  the  eastern  extremity 
of  the  exposure.  Some  of  the  more  impure  and  nodnlar  beds  on 
the  floor  of  the  quarry  take  on  an  oolitic  structure,  a  very  rare 
phenomenon  among  the  limestones  of  the  region."* 

The  following  fossils  were  here  collected  from  the  limestone 
by  the  Geological  Survey : 


GirvaneUaprobleniatica  (Nich .  &  Eth . )  |    Orihis  caUigramma  (Dalm. ) 
Scuxamina  Carteri  (Brady.)    ^  Madurea  Logani  (Salt.) 

Tent<icylites  OTfuitus  (Sow.)     '  Pleurotomaria  Bp. 

Atrypa  hemispherica  (Sow.)  Cyrtoceras  sp. 

Mrs.  Gray's  list  contains  the  following  additional  forms  from 
this  locality:  Orthis  conjinis,  Madurea  ma^na-^  and  Professor 
Lapworth  further  collected  Ecculiomphalus  (Gyrtolites)  Bucklandi 
and  Sirophomena  corrugateUa  (See  Fig.  111). 

The  evidence  now  brought  forward  regarding  the  structural 
relations  of  the  members  of  the  Barr  series  in  the  valley  of  the 
Stinchar  and  in  the  "Water  of  Assel  proves  (1)  that  in  the  valley 
of  the  Stinchar,  the  Stinchar  Limestone  group  is  arranged  in  the 
form  of  an  anticline,  truncated  on  the  south  side  by  a  powerful 
fault ;  (2)  that  in  the  valley  of  the  Assel  the  limestone  group 
is  brought  to  the  surface  by  various  sharp  anticlinal  folds  in  the 
midst  of  the  Benan  Conglomerate. 

The  original  relations  of  the  Benan  Conglomerate  and  Stin- 
char Limestone  group  to  the  volcanic  and  plutonic  rocks  forming 
the  main  volcanic  area  of  Ballantrae  have  been  largely  effaced 
by  prominent  strike  faults.  Nevertheless,  the  marked  unconfor- 
mability  that  separates  ..the  younger  fossiliferous  strata  of  the 
Girvan  succession  from  the  older  volcanic  plateau  can  be  traced 
(1)  round  the  north-east  slope  of  the  Aldons  Hill,  (2)  near 
Knockbain  west  of  Millenderdale,  (3)  between  Byne  Hill  and 
Kennedy's  Pass. 

On  referring  to  the  geological  map  of  the  Ballantrae  region 
(Sheet  7),  it  will  be  seen  that  the  Benan  Conglomerate  forms  a 
continuous  belt  along  the  northern  margin  of  the  volcanic  area 
between  Kennedy's  Pass  and  Byne  Hill,  reappearing  on  the 
southern  slope  of  the  latter  eminence.  Southwards  by  Millen- 
derdale  and  Aldons  the  conglomerate  forms  a  similar  continuous 
belt,  lapping  round  the  volcanic  plateau.  It  is  clear  that  these 
localities  exhibit  the  relics  of  two  great  anticlines,  the  cores  of 
which  are  composed  of  the  ancient  volcanic  and  plutonic  rocks. 
Again,  along  the  valley  of  the  Stinchar  from  Ualjarrock,  by 
Craigneil  Castle,  to  the  mouth  of  the  Water  of  Tig,  a  narrow 
belt  of  the  unconformable  fossiliferous  series  is  thrown  down  by 
two  parallel  strike  faults  into  the  midst  of  the  volcanic  rocks. 
These  include  the  Stinchar  Limestone  group,  the  Benan  Conglo- 

*  Quart.  Jour.  Gool.  Soc.,  vol.  xxxviii..  p.  575, 
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merate,  and  possibly  sediments  of  still  younger  date  (Balclatchie 
horizon) . 

We  shall  begin  our  description  with  the  sections  visible  in  the 
quarries  of  Aldons,  and  trace  the  beds  round  the  margin  of  the 
volcanic  area  towards  Millenderdale  and  Knockbain. 

Aldons. — From  the  elevated  ridge  of  the  Kirkland  and 
Benan  Hills  the  great  conglomerate  can  be  traced  continuously 
westwards  across  the  valley  of  the  Assel  Water  north  of  Pinmore 
House  to  the  slopes  of  the  Aldons  Hill,  where  the  Stinchar 
Limestone  group  is  well  exposed.  The  limeetones  appear  on 
both  sides  of  a  synclinal  fold,  the  southern  limb  being  truncated 
by  a  fault,  which  is  prolonged  eastwards  to  the  river  Stinchar 
near  Pinmore  Bridge. 

The  quarry  whicn  has  been  opened  on  the  north-west  side  of 
the  sjmcline  supplies  an  excellent  section  of  the  limestone  group. 
The  lowest  visible  beds,  which  dip  at  a  high  angle  to  the  south- 
east, away  from  the  volcanic  rocks,  consist  of  purple  sandy 
calcareous  flags  with  scattered  pebbles,  decomposing  readily  into 
a  sandy  and  muddy  deposit.  These  are  overlain  by  thin-bedded, 
flaggy  and  compact  limestones,  that  yield  some  of  the  character- 
istic fossils  of  the  series.  The  following  forms  were  here  col- 
lected by  the  (Geological  Survey: 

CSfthere  (Chjtheropsis)  cddensis  Madurea  magna  (Leseur.) 

(M^Coy.)  Mwrchisonia  sp. 

BeUerophon  sp.  Raphistoma  sp. 

Holopea  sp.  Turbo  sp. 
Madurea  Logani  (Salter.) 

From  the  same  place  Mrs.  Gray  has  obtained  the  accompany- 
ing additional  fossils : 

Gythere  aldensis  var.  major  (Jones.)  Harpes  sp. 

,,       grayana  (Jones.)  Orthia  caUigramma  (Dalm.) 

,,       wrightiana  (Jones  <fe  Holl.)  ,,      intercostata  (I^ort.) 

PrimitiA  harrandiana  (Jones.) 


In  his  description  of  this  section.  Professor  Lapworth  refers 
to  the  existence  of  a  small  fault  visible  at  the  east  end  of  the 
quarry,  whereby  the  more  gently  inclined  Benan  Conglomerate 
is  let  down  against  the  underlying  limestones.  As  this  fault  is 
traced  along  the  face  of  the  quarry  to  the  west,  certain  thin- 
bedded  greenish-grey  shales  appear  below  it,  which  he  regards 
as  the  representative  of  the  Kiriidominae  band  and  the  corres- 
ponding zone  of  Craigwells.  From  this  highly  f ossiliferous  zone 
he  obtained  casts  of  fossils  of  the  genera  Agnoatus,  Illcenus, 
Remopleurides,  Lingiila,  Acrotreta,  and  Leptceruiy  together  with 
Ci/there  and  fragments  of  encrinites.  Professor  Lapworth  like- 
wise inserts  a  small  fault  between  the  limestone  series  and  the 
Arenig  lavas  on  the  north-west  side  of  the  auarry,  but  the  actual 
contact  is  not  visible,  and  it  is  not  improbable  that  this  junction 
may  be  an  unconformable  one  with  overlap.     For  a  short  dis- 
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tance  to  the  uortli  the  conglomerate  can  be  traced  lapping  round 
the  lavas  and  dipping  eastwanls  at  a  high  angle,  the  boundary 
line  forming  a  recognisable  feature. 

Along  the  south  side  of  the  syncline  at  Aldons,  the  limestone 
is  visible  in  several  quarries,  where  it  is  much  disturbed  by  the 
fault  that  brings  it  in  contact  with  the  volcanic  rocks.  It  is 
likewise  seen  in  the  railwav  cutting  south  of  Pinmore  Bridge  as 
a  faulted  mass  between  tke  volcanic  rocks  and  the  overlying 
conglomerate  to  the  north. 

Millenderdale  (Fig.  1 12) . — ^Northwards  from  Aldons 
towards  Chapelcroft,  along  the  boundary  line  between  the 
volcanic  rocks  and  the  overlying  Benan  Conglomerate,  a  good 
opportunity  is  afforded  of  studying  the  relation  between  the 
two.  Though  there  is  here  no  stream  section  deep  enough  to 
show  the  conglomerate  actually  resting  on  the  lavas  tne  two  rocks 
are  found  close  to  each  other;  the  conglomerate  folding  round 
the  dome  of  volcanic  rocks  in  such  a  way  as  to  indicate  that  the 
junction  is  an  unconformable  one.  A  similar  relation  obtains 
along  the  margin  of  th?  volcanic  area  west  of  Chapelcroft 
towards  Millenderdale.  About  half  a  mile  west  of  the  former 
place  a  thin  band  of  limestone  occurs  in  the  conglomerate  near 
the  base  of  the  series.  The  limestones,  however,  do  not  appear 
in  force  till  we  reach  Millenderdale  Farmhouse,  where  they  are 
visible  in  certain  old  quarries.  In  the  one  to  the  east  of  the 
farmhouse  Maclurea  Logani  was  obtained,  and  in  that  on  the 
west  side  of  the  farm  ste<ading,  Gircanella  jyrohletnatixia,  Tetradiuvi 
Pea-chiy  and  Saccamina  CarteH  were  collected  from  the  nodular 
flags  and  compact  limestones. 

The  unconformable  relation  of  the  conglomerate  series  to  the 
Arenig  volcanic  rocks  is  laid  bare  in  a  stream  to  the  south-west 
of  Millenderdale,  and  about  mid-way  between  that  point  and 
Knockbain.  This  section  has  been  figured  by  Professor  Lap- 
wortli,  and  the  lithological  characters  and  physical  relationships 
of  the  beds  have  been  indicated  by  him.  Above  the  fork  E.N.E. 
of  Knockbain,  coarse  conglomerate  is  associated  with  thin  Kands 
of  shale.  These  shales,  from  wliich  Professor  Lap  worth 
obtained  Dijjlograptas  rtujosus,  Cryptograptus  tricornis,  &c.,  are 
underlain  by  conglomerates  and  sandstones  passing  downwards 
to  the  coarse  brecciated  conglomerates  that  rest  unconformably 
on  the  volcanic  rocka.  The  general  dip  of  the  strata  is  towards 
the  north-west,  at  an  angle  of  sometim(.»s  about  70°.  A  careful 
examination  of  the  conglomerate  shows  its  local  origin,  for  the 
pebbles  consist  of  the  surrounding  volcanic  and  plutonic  rocks, 
and  the  matrix  has  been  derived  from  the  disintegration  of  basic 
materials.  This  section  tends  to  confirm  the  belief  that  the 
boundary  line  between  the  volcanic  and  the  conglomeratic  series, 
extending  from  Aldons  to  Millenderdale,  is  in  the  main  an 
unconformable  one. 

Westwards,  in  the  Knockbain  Burn,  south  of  the  Knockbain 
farm-steading,  green  mudstones  like  the  graptolitic  mudstones 
appear,  and  still  further  west,  at  the  head  of  a  small  bum  about 
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half  a  mile  south  of  Barchlewan,  a  small  exposure  of  shales  has 
yielded  Glimacograpttts  Schdr&nbergi,  Diplograptvs  foliaceus,  &c. 
These  shales  have  an  inverted  dip  to  the  south-east,  and  are 
separated  from  the  Arenig  lavas  by  a  thin  mass  of  con- 
glomerate. 

Byne  Hill  and  Kennedy's  Pass. — ^Along  the 
northern  margin  of  the  volcanic  area  between  Byne  Hill  and 
Kennedy's  Pass,  the  Benan  Conglomerate  well  displays  its 
normal  lithological  characters  (Fig.  112).  It  is  likewise  met 
with  on  the  south-east  slope  of  Byne  Hill,  resting  on  a  mass  of 
serpentine,  where,  to  the  east  of  Ijrumfaim  Fammouse,  casts  of 
Orfhis  were  obtained  from  a  band  of  sandstone  which*  is  inter- 
leaved in  the  conglomerate,  but  is  of  small  extent,  since  it  is 
abruptly  truncated  on  the  east  side  by  a  fault  that  throws  down 
an  outlier  of  the  Old  Red  Sandstone.  On  the  north-west  flank 
of  the  eruptive  mass  of  granite  and  gabbro  on  Byne  Hill,  the 
Benan  Conglomerate  dips  to  the  north-west  at  an  angle  of  60°, 
the  junction  being  to  all  appearance  an  unconformable  one. 
Here  the  massive  conglomerate  is  occasionally  associated  with 
beds  of  sandstone  and  s^rit.  But  westwards,  tc'gether  with  the 
overlying  Balclatchie  Mudstones,  it  is  evidently  faulted  against 
the  igneous  rocks  on  the  west  side  of  the  Fell  Hill,  south  of 
Ardmillan  Bum.  Thence,  along  the  northern  flank  of  the 
Pinbain  Hill,  it  dips  north-westwards  from  the  volcanic  platform 
as  if  the  junction  were  an  unconf ormability.  But  on  tne  shore 
at  Kennedy's  Pass,  the  [fault  is  well  seen*^that  trends  W.  5®  N. 
and  throws  down  the  conglomerate  and  overlying  Ardmillan 
Flags  against  the  brecciated  lavas.  On  the  beach,  below  the  rock- 
cutting  marked  "Kennedy's  Pass"  on  the  Ballantrae  B>oad,  a 
thin  basalt  dyke  has  been  injected  along  the  line  of  dislocation. 
At  the  south  end  of  the  Pass,  where  there  is  an  ancient  terrace, 
the  present  beach  is  occupied  by  brecciated  lava,  showing  pillow- 
structure,  followed  on  the  seaward  side  by  agglomerate  contain- 
ing blocks  of  various  lavas,  and  some  of  a  more  acid  type  than 
the  normal  diabase  of  this  region.  The  section  of  the  Benan 
Conglomerate  in  Kennedy's  Pass,  which  has  been  made  classic 
by  the  descriptions  ^  of  Murchison  and  the  older  observers, 
displays  to  great  advantage,  in  clifiT-section,  this  remarkable 
rock  with  its  tumultous  assemblage  of  pebbles  of  diabase, 
gabbro,  dolerite,  granite,  radiolarian  chert,  and  black  shale — 
all  of  local  origin  (Plates  XV.,  XVI.). 

On  the  beach  to  the  south-west  of  the  Pass,  a  small  detached 
patch  of  Benan  Conglomerate,  grits,  and  green  mudstones  is 
thrown  down  by  a  fault  that  runs  parallel  to  the  coast-line.  The 
green  mudstones  are  sparinglv  fossiliferous,  but  the  following 
form'  were  obtained ' afber  a  considerable  search:  Leptcena  teyiui- 
cincta,  L.  quin/piecostataj  Ophileta  compactu,  and  Bellerophon  sp. 

Craigneil  Castle,  Colmonell. — ^Reference  may  now 
be  made  to  the  narrow  band  of  the  unconformable  series  thrown 
down  by  two  parallel  faults  into  the  midst  of  the  volcanic  rocks, 
along  the  lower  portion  of  the  valley  of  the  Stinchar,  from  T)al- 
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jarrock  by  Oaigneil  to  the  mouth  of  the  Water  of  Tig.  The 
most  important  sections  in  this  band  occur  on  the  south  side  of 
the  Stinchar.  The  limestone,  together  with  conglomerates  and  sand- 
stones, is  exposed  in  two  quarries,  the  larger  one  at  Craigneil 
Castle,  and  the  smaller  north  of  the  road  near  Craigneil  Farm- 
house. At  the  latter  opening  the  nodular  limestones  are  under- 
lain by  brown  calcareous  flags  with  Orthis  confinis,  both  zonen 
dipping  to  the  south-east.  On  the  south-east  side  of  the  quarry 
at  Craigneil  Castle,  the  sandy  calcareous  bands  with  Orthis 
canfinis  reappear  with  an  inverted  south-east  dip,  as  if  resting  on 
the  limestone.  Here  the  nodular  limestone  {Maclurea  bed)  and 
the  compact  limestone  are  visible.  From  these  data  we  may  infer 
that  the  members  of  the  Stinchar  Limestone  group  in  the  neigh- 
bourhood of  Craigneil  form  an  isoclinal  fold,  with  the  Orthis 
confinis  beds  on  both  sides.  The  various  zones  at  Craigneil 
yielded  to  the  Geological  Survey  Orthis  confiniSy  Maclurea  magna, 
and  Saccamina  Carteri,  In  the  Cambridge  Catalogue  the  following 
farther  forms  are  recorded  fix)m  the  same  locality :  Leptfpna  sp., 
Maclurea  Logani,  Helioliies  favosvs,  and  Orthisina  scoiica. 

Westwards  from  Craigneil,  by  the  side  of  the  road  to  Salachan, 
and  in  the  adjoining  fields  green  mudstones  and  shales  appear, 
which  at  certain  localities  are  fossiliferous.  They  are  either 
vertical  or  highly  inclined  to  the  north-west,  and  their  relations 
to  the  limestone  series  are  not  apparent.  A  band  of  mudstone, 
on  the  south  side  of  the  road,  about  500  yards  W.S.W  of  Craig- 
neil Farmhouse,  furnished  specimens  of  Ampyx  sp.,  Diplograrpius 
rv^osus,  Turrilepas  scotica,  Pinnocaris  Lapworthi,  Acroireia  sp., 
and  Ctenodo7ita  Icevis,  some  of  which  occur  in  the  Balclatchie 
Mudstones  that  overlie  the  Benan  Conglomerate,  to  be  described 
presentlv.  Green  mudstones  and  conglomerate  appear  in  the 
Knockdltu  Bum ;  and  still  further  west,  near  the  mouth  of  the 
Water    of    Tig    at     Heronsford,     the     Benan   Conglomerate    is 

visible. 

B  on  gang. — ^The  limestone  quarry  at  Bougang,  situated 
about  300  yards  south-west  of  the  farmhouse  of  that  name,  and 
about  two  miles  west  of  the  village  of  Colmonell,  is  one  of  the  f  os- 
silif  erous  localities  of  the  Stinchar  Limestone  which  has  become 
widely  known  through  the  researches  of  the  older  observers. 
Here  the  beds  are  quite  unaltered  and  highly  fossiliferous,  and 
yet  they  occur  as  a  small  isolated  patch  in  the  heart  of  the 
southern  belt  of  serpentine.  They  consist  of  green  sandy  shales, 
which  contain  occasional  pebbles  of  serpentine,  alternate  with 
flaggv  limestone,  and  dip  to  the  south-east,  succeeded  by  the 
nodular  Kmestones  with  partings  of  shale.  The  relations  of 
these  strata  to  the  surrounding  mass  of  serpentine  are  not  visible, 
but  the  presence  of  pebbles  of  that  rock  in  the  shales  clearly 
points  to  the  limestone  group  being  of  later  date.  The  following 
assemblage  of  organisms  was  here  collected  by  the  Geological 
Survey: 
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Tetradium  Peachi  (Nich.) 
Aaaphus  (Isotdus)  red  if  ram  (Portl.) 
Cheirurus  bimucrcmatns  (Murch.) 
IlUtnus  (Bumastus)  Bowmani  (Salt.) 
Phctcops  (Acaste)  Brorufniarti  (Portl.) 
Remopleurides  later ispinifer  (Portl.) 
LepUkiia  tenuicincta  (M*Coy.) 
NuHeospira  pumm  (Sow.) 
Orihis  balcletchiejuns  (Dav.) 
, ,      callig^ramma  (Dalm. ) 


Orthis  conjinis  (Salt.) 
Strt»j}homena  (Rafinesquina)  deltoidea 

(Conr.) 
expanm  (Sow.) 
Bellerophon  fastigiatus  (Lindstr.) 
Maclurea  Logani  (Salt.) 
Murchisonia  gyrogonia  (M*Coy.) 
Pleurototnaria  bicincta  f  (Hall.) 
Holopea  sp. 


In  the  Cambridge  Catalogue  published  by  Salter  and  Sedg- 
wick the  following  additional  forms  from  the  same  place  are  noted : 
Illcetms  latuSy  Orthisina  scotica,  and  Murchisonia  angulata. 

Knockdoliau  Barn  s. — About  a  mile  and  a  quarter  west 
of  the  village  of  Colmonell,  near  the  farmhouse  of  Knockdoliau 
Barns,  on  the  north  side  of  the  road,  another  small  outlying  mass 
of  the  Stinchar  Limestone  is  likewise  unaltered.  It  consists  of 
nodular  limestone  with  partings  of  shale  yielding  Maclurea  and 
Saccaminu  Carteri,  but  its  relations  to  the  adjacent  rocks  are  not 
exposed. 

Dinvin  Hill,  Pinmacher,  and  Glendrissock  Hill 
(two  miles  south  of  (]lii*van). — Along  the  northern  slope  of  the 
valley  of  the  Assel,  the  Benan  Conglomerate  can  be  traced  from 
the  limestone  quai'ries  at  Tramitchell  to  the  Dinvin  Hill,  where 
it  covers  a  broad  area  owing  to  reduplication  by  folding.     The 
general  dip  of  the  conglomerate,  where  obtainable,  is  towards 
the  south-east  at  an  average  angle  of  25^  so  that  much  of  the 
plication  must  be  isoclinal.     On   the   north-west  slope   of   the 
I)invin  Hill  two  isolated  patches  of  the  Stinchar  Limestone  occur, 
one  about  300  yards  to  tne  north-east  of  Pinmacher,  the  second 
about  half  a  mile  to  the  north-east  of  that  farmhouse.     At  the 
former  locality  the  limestone  di])s  to  the  south-east  underneath 
the  mass  of  conglomerate  on  Dinvin  Hill,  and  not  far  to  the 
north  it  is  underlain  by  conglomerate.     The  horizon   of  this 
band  is  definitely  fixed  \yy  the  oceurrence  of  Maclurea  Logani 
and  hyopora  favosa.     The  second  locality  offers  but  a  meagre 
representative  of  the  calcareous  group.     The  nodular  bands  of 
limestone  do  not  here  exceed  three  feet  in  thickness,  and  are 
visibly  overlain  and  underlain  by  conglomerates  which  dip  in  an 
easterly  direction.     In  the  sequel  reference  will  be  made  to  the 
fact  that  eastwards  a  regular  ascending  series  may  be  traced 
through  the  Benan  Conglomerate  to  the  overlying  Balclatchie 
grits  and  mudstones  visible  in  Laggan  Gill.     There  is  likewise 
clear  evidence  to  show  that  the  outcrops  of  the  Benan  Conglo- 
merate and  overhang  I^alclatchie  beds  in  Laggan  Gill  have  been 
shifted   by  a  fault  trending  E.N.E.  and  W.S.W.,  with  a  down- 
throw to  the  south-east.     Hence,  beyond  Laggan  Gill,  the  same 
zones  reappear  in  normal  order  to  the  north  of  the  mass  of 
volcanic  agglomerate  and  serpentine  in  Glendrissock  Hill.     The 
unconformable  junction  between  the  conglomerate  and  serpentine 
is  visible  in  a  quarry  on  the  hill  slope  on  the  north  side  of 
Laggan  Gill,  while  to  the  north  the  Benan  Conglomerate  is  well 
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seen  in  numerous  exposures,  clipping  noi*tliwards,  away  from  the 
outlier  of  Arenig  volcanic  and  plutonic  rocks. 

Trowier  Hill  (Sheet  8). — The  western  spur  of  Trowier 
Hill,  situated  between  the  two  branches  of  the  Piedmont  Burn, 
that  flows  northwards  by  Doune  to  join  the  river  Girvan  near  the 
harbour,  is  formed  of  a  mass  of  Benan  Conglomerate,  in  the 
midst  of  which  serpentine  protrudes  with  an  associated  vein  of 
limastone,  as  on  Glendiissock  Hill.  No  outcrop  of  the  Stinchar 
Limestone  has  been  detected  on  this  hill.  The  conglomerate 
seems  here  to  rest  unconformably  on  the  Ballantrae  plutonic 
rocks. 

Dow  Hill  (Sheet  7). — Further  down  the  Piedmont  Bum  an 
anticlinal  arch  of  the  Benan  Conglomerate  may  be  observed  on 
the  west  side  of  that  stream,  on  the  Dow  Hill,  a  mile  and  a  half 
south  of  Girvan  Station,  where  it  is  followed  in  normal  sequence 
by  highly  fossiliferouis  Balclatchie  Mudstones,  to  be  referred  to 
presently.  The  southern  limb  of  this  fold  is  abruptly  truncated 
by  a  north-east  and  south-west  fault,  the  prolongation  of  which 
is  well  seen  in  the  Piedmont  Bum. 

Craighead  (Sheet  14  of  Survey  Map). — On  the  north  side 
of  the  Gii-yan  valley,  and  at  the  eastern  margin  of  the  "  inlier  " 
of  Arenig  volcanic  rocks,  one  of  the  celebrated  exposures  of  the 
Stinchar  Limestone  occxirs  at  the  Craighead  quarries,  which 
have  long  been  the  chief  source  of  lime  for  the  district.  AVhile 
it  is  doubtless  true  that  the  typical  sections  in  the  Benan  and 
Kirkland  Bums,  in  the  valley  of  the  Stinchar,  show  more  clearly 
the  sequence  and  relations  of  the  sub-divisions  of  the  Barr  series, 
yet  the  exposure  at  Craighead  surpasses  all  others  in  the  Girvan 
area  for  tne  prolific  character  of  the  fossiliferous  zones.  For 
this  reason  the  locality  has  figured  largely  in  the  palseonto- 
logical  literature  of  the  Girvan  district  (Fig.  109). 

lief erence  has  already  been  made  to  the  fact  that  the  "  inlier  " 
of  Arenig  volcanic  i-ocks  on  Craighead  Hill  with  the  overlying 
radiolarian  cherts  and  green  mudstones  is  abruptly  truncated 
on  the  south-east  side  by  the  great  strike  fault  that  throws  down 
the  Carboniferous  rocks  of  the  Girvan  valley.  At  the  eastern 
termination  of  this  "inlier"  two  detached  masses  of  Stinchar 
Limestone  come  into  immediate  contact  with  the  lavas.  Of 
these,  the  larger  and  more  important  exposure  occurs  to  the 
north  of  Craighead  Farmhouse,  and  about  a  mile  east  of 
Killochan  Station,  where  two  quarries  have  been  excavated  along 
the  line  of  outcrop.  The  second  and  smaller  mass  lies  about  100 
yards  further  to  the  west,  separated  from  the  main  body  of  lime- 
stone by  the  Arenig  lavas,  and  truncated  on  the  south  by  the 
great  boundary  fault. 

The  sequence  and  relations  of  the  beds  exposed  in  the  two 
quai'ries  traversing  the  more  easterly  mass  have  been  described 
by  Professor  Lapworth,  who  states  that  "  we  have  in  this  locality 
a  section  similar  in  all  its  details  to  that  typical  of  the  Stinchar 
calcareous  series  of  the  district  to  the  south  of  the  Girvan  valley, 
the  natural  members  of  the  succession  corresponding  precisely 
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in  botli  districts  in  their  position  in  the  vertical  series  and  in 
their  petrological  and  palseoutological  characters,  and  differing 
merely  in  local  thickness/'  *  The  physical  relations  of  the  beds, 
as  shown  by  the  same  observer,  are  clearly  displayed  in  the  south 
quarry  of  the  more  easterly  mass  of  limestone.  The  uncon- 
formable junction  between  the  lavas  and  conglomerates  at  the 
base  of  the  calcareous  series  is  visible  at  the  south-west  end  of 
the  quarry.  The  beds  of  basal  conglomerate  and  grit  are  verti- 
cal, and  in  places  slightly  inverted  along  the  line  of  contact  with 
the  volcanic  rocks;  they  are  overlain  by  nodular  limestone, 
charged  with  corals  and  an  occasional  Maclurea,  and  are 
traceable  round  the  cliff  that  forms  the  west  and  north  face  of  the 
quarry.  Next  in  order  fine  compact  limestone  appears  on  the 
fioor  of  the  quarry  and  in  the  little  cliff  to  the  south  where  it 
is  truncated  by  ten  feet  of  grey  and  black  graptolite  shales, 
which  Professor  Lapworth  correlates  on  mineralogical  grounds 
with  the  Didymograptus  shales  of  the  Auchensoul  band.  From 
these  shales  Mrs.  Gray  has  obtained  Cryptograptus  tricomis  and 
Biplograptua  foliaceus.  Overlying  these  bands  come  greyish-yellow 
shales,  in  which  Professor  Lapworth  identified  casts  of  the  genera 
Encrinurvs,  Am/pyx,  Trinucleus,  Lepta:na,  St/rophomena,  Orthis, 
and  Cythere,  The  next  strata  consist  of  conglomerate  with  lime- 
stone nodules. 

The  succession  of  beds  now  described  is  abruptly  truncated 
by  a  fault  which  brings  in  the  nodular  limestones  of  the 
Maclurea  zone,  exposed  in  the  adjoining  quarry  to  the  north- 
east, and  underlain  by  nodular  green  ana  purple  sandstones, 
resembling  the  Orthis  confinis  stmdstone  of  the  Stinchar  valley. 
The  calcareous  strate  visible  in  these  two  quarries  excavated 
in  the  easterly  mass  of  limestone  at  Craighead  cannot  be 
traced  westwards  round  the  inlier  of  Arenig  volcanic  rocks; 
indeed,  the  feature  along  the  margin  of  the  lavas  is  sugi^estive 
of  a  fault  that  may  throw  down  higher  members  of  the  uncon- 
formable fossiliferous  rocks  of  Girvan.  Recently  a  large  quarry 
has  been  opened  in  the  westerly  detached  mass  of  limestone, 
about  100  yards  to  the  west  of  the  quarries  at  Craighead  Farm, 
in  which  nodular  and  massive  limestones  are  exposed,  containing 
Maclurea   and  abundant  corals. 

The  rich  variety  of  organic  remains  obtained  from  these  ex- 
posures naturally  aroused  the  attention  of  palaeontologists  and 
geologiste  who  were  desirous  of  fixing  the  horizons  of  these 
beds,  (^uided  by  its  palaeontologists,  the  Geological  Survey 
assigned  the  Craighead  Limestone  to  the  Caradoc  formation,!  a 
view  which  was  at  first  maintained  by  Mr.  Davidson,}  and  subse- 
quently abandoned  by  him  after  the  publication  of  Professor 
Lapworth's   researches  on  "The  Girvan  Succession." §     Professor 

•Quart.  Jour.  Geol.  feoc.,  vol.  xxxviii.,  n.  583. 
t  Explanation  of  Sheet  14,  one  inch,  p.  9. 
X  Monograph  of  the  Silurian  Brachiopoda  (1864-71). 
g  Supplement  to  the  foregoing  monograph  (1882-84). 
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Nicholson,  from  an  examination  of  the  corals,  inferred  that  the 
Craighead  Limestone  is  of  Lower  Silurian  age,  corresponding, 
perhaps  to  the  upper  pai-t  of  the  Trenton  Limestone  or  the  beds 
of  the  Cincinnati  and  Hudson  River  formations  of  North 
America;  while  Mr.  Etheridge,  jr.,  on  the  other  hand,  from  a 
considei-ation  of  the  evidence  supplied  by  the  trilobites,  concluded 
that  it  might  be  of  Caradoc  age. 

In  order  that  the  reader  may  form  a  clear  idea  of  the  nature 
of  the  palseontological  CA-idence  on  which  these  conclusions 
were  based,  two  lists  of  fossils  obtained  from  the  Craighead 
Limestone  are  annexed,  the  first  by  the  Geological  Survey,  and 
the  second,  a  supplementaiy  list  by  Mrs.  Gray.  Owing  to  her 
prolonged  researches  she  has  been  able  to  record  about  100 
species  of  organic  remains  from  that  locality. 

List  of  fossils  from  the  Craighead  Limestone  in  the  collection 
of  the  Geological  Survey  of  Scotland : 


Hydrozoa. 
Diplograptus  rugosus  (Emm.) 

ACTINOZOA. 

Lyopora  favosa  (M  *Coy . ) 
Prasopora  Grayce  (Nich.  &  Eth.) 
Stenopora  fibrosa  (Goldf.) 
Streptelasma  craigense  (M*Coy.) 

Trilobita. 
Calymene  Blumeribachi  (Brong.) 
Encrinurus  pMnctatus  (Briinn.) 

,,  ,,         var.  arenaceus 

(Salt.) 
lUcenvs  (Buinastus)Bowmani  (Salt.) 
Lichas  hibemicus  (Fortl.) 
Brachiopoda. 
Acrotreta  Nicholsani  (Da v.) 
Crania  sUuriana  (Dav.) 
Discina  perrugata  (M*Coy. ) 
LinguLa  quadrata  (Eichw.) 

, ,       Bamsayi  (Salt. ) 
Leptctna  Etheridgei  (Dav.) 
sericea  (Sow.) 

,,       var.  rhombica 

(M*Coy.) 
( Plectamhonites)  transversorlis 

(Wahl.) 
youngiana  (Dav.) 
Orthis  halcletchiensis  (Dav.) 

(Pkttystrophia)  hiforata  (Schl.) 
caUigramma  (Dalm.) 
(DaLmaneUa)  eUgantvla  (Dav. ) 


»» 


n 


»» 


»» 


»^ 


11 


»» 


»» 


»j 


«» 


Orthis  (Dimtrthis)  flabelluLum  (Sow.) 
girvanensis  (Dav.) 
sowerhyana  (Dav.) 
( DalinaneUa)  testudinaria 

(Dalm.) 
vespertUio  (Sow.) 
Bhynchonella  cemida  (Salt.) 

Lapworiki  (Dav.) 
ruisuta  (M*Coy.) 
Peachi  (Dav.) 
portlockiana  (Dav.) 
Thomsoni  (Dav.) 
Weaveri  (Salt.) 
Strophomena  corrugatella  (Dav.) 

(Bafinesquina)  deltoidea 

(Conr.) 
expansa  (Sow.) 
G^rayi  (Dav.) 
irnbrex  var.   semiglobo- 

sina  (Dav.) 
retroflexa  (Salt.) 
Siphonotreta  scotica  (Dav.) 
THplesia  Grayer  (Dav.) 

Gasteropoda. 
Bellerophon  acutus  (Sow.) 
Pleurotomaria  sp. 

Cephalopoda. 
Orthoceras  politum  (M*Coy.) 


>» 


»> 


»» 


»» 


?) 


»i 


»» 


»» 


j» 


»» 


»» 


»» 


sp. 


In  addition  to  the  foregoing  list  of  fossils  in  the  collection  of 
the  Geological  Survey,  the  following  species  are  orecorded  in 
Mrs.  Gray  s  list  from  (Craighead : 
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FOBAMINIFERA. 

SaccamtMJb  Carieri  (Brady.) 

Hydbozoa. 
Climacograptua  bicomis  (Hall.) 

,,  Schdrenhergi  (Lapw.) 

ChryptograpUis  tricomis  (Carr.) 
Diplograptus  folia^ceus  (Murch.) 

„  sp. 

Dicranograptus  ramosus  (Hall.) 

ACTINOZOA. 

Favositea  girvanensis  (Nich.  &  £th.) 
Fistulipora  pUula  (Nich  &  £th.) 
Halyaites  sp. 

Heliolites  Gra/yi  (M.  Edw.) 
Lindstrihnia  snjMupltcata  (M'Coy.) 
Monticulipora  girvanensis  (Nich.) 
Streptelasma  aggregatv/m  (Nich.  & 

Eth.) 
Tetradium  Peachi  (Nich.  &  Eth.) 
Propora  Edwardsi  (Nich.  &  Eth.) 
ThecosUgites  scoticus  (Nich.  &  Eth.) 

Crinoidea. 
Glyptocrinus  sp. 

Annelida. 
ComvUtes  sp. 

Tbilobita. 
Cheirurus  himucronatus  (Murch.) 
Trinudeus  sp. 
Spharexochus  mirus  (Beyr.) 

Bbachiopoda. 
Lingvla  aUenucUa  (Sow.) 
Orthis  turgida  (M^Coy.) 


EhynehoneUa  Salteri  (Dav.) 

,,  sub-horealis  (Dav.) 

,,  scotica  (Day.) 

Strophomena  rhoTuboidalis  (Witck.) 

,,  Uandeiloensis  (Day.) 

Triplegia  Grayce  (Dav.) 

Lamellibbakghiata. 
Ambonychia  radiata  (Emmons.) 
,,  amygdalina  (Hall.) 

Orthonota  contracta  (Hall^ 
Pleurorhynchus  dipterus  (Salt.) 

Gastebopoda. 
BtLcania  profunda  (Hall.) 
Helminthochiton  sp. 
Holopea  paludiniformis  (Hall.) 
Ophileta  sp. 
Oyrtolites  sp. 
Platyceras  sp. 
Metoptoma  sp. 

BeUerophon  punctifrons  (Emm.) 
Madurea  Logani  (Salt.) 

,,        macromphaia  (M'Coy.) 
Ptebofoda. 
CJonularia  dongata  (Portl.^ 
,,        8owerhyi(J>eSx.) 
Ecculiamphalus  BiuMamdi  (Portl.) 

„  sp. 

Hyolithes  sp. 

Cephalopoda. 
Cyrtoceras  acoticum  (Blake.) 
OrthocercLs  bUineaium  (Hall.) 
Trodiolites  pkmorbiformis  (Conr.) 


From  the  fossils  given  in  the  foregoing  lists,  it  is  apparent 
that  the  forms  have  a  Llandeilo-Caradoc  facies.  The  strati- 
graphical  relations,  however,  clearly  prove  that  the  Craighead 
limestone,  as  shown  by  Professor  Lapworth,  is  on  the  same 
horizon  as  the  Stinehar  limestone  group  on  the  south  side  of  the 
Girvan  valley,  which  is  overlain  by  Didymograptus  shales,  con- 
taining some  Glenkiln  graptolites.  For  these  reasons,  we  regard 
the  Craighead  limestone  as  of  Upper  Llandeilo  age. 

Along  the  north  side  of  the  Craighead  volcanic  area,  the 
Stinehar  Limestone  group  is  cut  out  by  a  fault,  but  at  the  south- 
west termination  of  the  "inlier"  round  the  mansion-house  of 
Trochraigue  a  considerable  development  of  conglomerate  and 
'{reen  shales  is  to  be  seen,  which  on  palseontological  grounds 
pi^bably  belong  to  the  horizon  of  the  Benan  Conglomerate  and 
the  calcareous  shales  of  the  Stinehar  Limestone.  Professor 
Lapworth  has  suggested  that  the  shales  and  mudstones  which  are 
visible  at  the  little  pond  near  the  old  toll-bar  at  Trochaigue  are 
probably  on  the  norizon  of  the  Trinucleus  mudstones  of 
Drummuck.*  But  in  the  course  of  the  recent  revision  by  the 
Geological  Survey,  the  fossils  given  in  the  annexed  list  were 
obtained  from  these  shales  (Fig.  109),  in  a  bum  a  few  yards  to 
the  north  of  the  little  pond.     Green  shales  are  there  inter- 


Quart.  Jour.  Geol.  Soo.,  vol.  zxxviii.,  p.  620. 
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stratified  with  greywacke  bands,  both  dipping  towards  the 
N.N.W.,  but  the  beds  are  also  traceable  up  the  stream  to  the 
wood  south  of  the  mansion-house : 


Ischadites,   showing    internal   struc- 
ture. 

Htdrozoa. 
Dictyonema  retefcn-me  (Hall.) 
Dieranograptus  ramoaua  (HaU.^ 
Diplograpttts  foliaceua  (Murch. ) 

Cystoidea. 
Echinaaphceritea  gran/ulatv>s?  (M  *Coy . ) 

Cbinoidea. 
Orinoid  stems. 

ACTINOZOA. 

Fetraia  himi  (Lonsd.) 
FtUodictya  dichotoma  (Portl.) 

Trilobita. 
Asaphas  sp. 

Encrtnurus  punctatus  (Briin.) 
nioenus  (Bumastua)  Bowmani  (Salt.) 

„       sp. 
Fhacops  (Accute)  Brongniarti  (Port! . ) 
Trinudeua  sp. 

Bbachiofoda. 
Acrotreta  NickoUom  (Dav.) 
Atrypa  scotica  ?  (M*Coy.) 
DiacifUL  perrugata  (M'Coy.) 
LepUjRna  aericea  (Sow.) 
Orthia  caUigramma  (Dalm.) 


Orthis  crispa  (M*Coy.) 

Bouchardi  var.  Bcddetchienaia 

(Dav.) 
flabeUulum  (Sow.) 
girvanenaia  (Dav.) 
intercoatata  (Portl.) 
veapertilio  (SoiiO 
Ehynchonella  Salteri  (Dav.) 

„  sp. 

Siphonotreta  micvla  (M*Coy.) 
Strophovnena  (Bafineaquina)  expatiaa 

(Sow.) 
,,  (Leptctna)  rhomboidalia 

(Wilck.) 
,,  sp. 

Lamellibranchiata. 
Ambonychia  sp. 
Fterinea  sp. 
Fleuraryncfma  dipterua  (Salt.) 

Gasteropoda. 
FUuroiomaria  (Baphiatoma)  lenticu- 

laria  (Sow.) 
,,  sp. 

Cephalopoda. 
Orthoceraa  pendena  (Blake.) 


With  one  or  two  exceptions  all  the  forms  in  this  list  have 
been  recorded  from  the  Stinchar  Limestone  group.  It  is  highly 
probable,  therefore,  that  these  shales  are  stratigraphically  not 
far  above  the  horizon  of  the  limestone. 

O'Tsen  shales,  having  a  north-west  dip,  are  likewise  met  with 
in  knolls  in  the  policies  between  the  mansion-house  and  gardens, 
which  are  overlain  by  conglomerate,  visible  in  the  woods  to  the 
north  of  the  policies  at  Trochraigue,  and  also  in  the  fields 
between  the  woodlands  and  the  farmhouse  of  Ladywell.  Previous 
investigators  have  regarded  this  conglomerate  as  the  westward 
prolongation  of  the  band  at  the  base  of  the  Llandovery  forma- 
tion ;  but  in  an  old  quarry  in  a  wood  due  north  of  Trochraigue 
Mansion-house,  the  following  graptolites  were  obtained  in  grey 
shales  interleaved  in  this  conglomerate :  Dicranograpius  ramosus, 
Diphgraptus  foliaceus,  and  Crijptograptus  tricomis.  It  may  probably, 
therefore,  represent  the  Benan  Conglomerate. 

Thunderton  and  Glenlochrie,  near  Kilgrammie 
(Sheet  14). — About  a  mile  to  the  north-east  of  the  Craighead 
quarries,  additional  exposures  of  the  limestone  group  are  met 
with  in  a  shattered  condition  close  to  the  great  fault  between 
the  Silurian  and  Carboniferous  rocks.  The  strata  are  visible  in 
several  quarries  between  Thunderton  Hall  and  Glenlochrie 
Farmhouse,  where  they  rest  unconformably  on  a  small  patch  of 
Arenig  lava.     The  basal  conglomerate  is  succeeded  by  sandy 
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calcareous  bauds  yielding  Orthis  coiifinis,  which  are  in  turn  over- 
laid by  nodular  limestones  of  the  Maclutea  zone. 

Oeological  Horizan  of  tJie  Ba/rr  Series. 

The  distiibution  and  physical  relations  of  the  Benan  Conglo- 
merate and  underlying  Stinchar  Limestone  group  in  the  Girvan 
region,  having  now  been  described,  several  points  remain 
relating  to  the  geological  horizon  of  the  beds  to  which  special 
attention  may  here  be  directed. 

(1)  It  has  been  shown  that  at  several  localities  throughout 
the  main  volcanic  area  of  Ballantrae  the  basal  conglomerates 
of  the  Barr  series  rest  unconfonuably  on  the  volcanic  and  plu- 
tonic  rocks  of  Arenig  age.  Similar  unconformable  junctions 
occur  where  the  volcanic  rocks  form  "inliers"  among  younger 
Silurian  strata,  as  at  Graigwells,  Glendrissock  Hill,  Trowier, 
Craighead,  and  other  places. 

(2)  The  nature  of  the  matrix  of  the  conglomerates  and  the 
lithological  characters  of  the  pebbles  conclusively  prove  that 
the  materials  have  been  locally  derived  from  the  denudation  of 
the  underlying  contemporaneous  and  intrusive  igneous  rocks, 
together  with  the  Middle  Arenig  black  shales  and  overlying 
radiolarian  cherts,  green  mudstones,  and  greywackes. 

(3)  The  Stinchar  ijimestone  group  forms  an  important  phase 
in  this  conglomeratic  series,  Sie  highest  zone  of  which  (p. 
485)  consists  of  graptolite  mudstones  yielding  a  graptolite 
fauna,  from  which  most  of  the  characteristic  zonal  forms  of  the 
Glenkiln  Shales  are  absent.  Some  of  the  graptolites  which  do 
occur  are  elsewhere  confined  to  the  Glenkiln  division,  while 
others  are  common  to  the  Glenkiln  and  Hartfell  groups. 

(4)  In  the  Girvan  area  lying  to  the  north  of  the  Stinchar 
valley,  where  the  fossiliferous  strata  of  Girvan  are  separated  by 
a  marked  unconformability  from  the  older  volcanic  rocks,  no 
band  has  been  found  to  contain,  the  characteristic  assemblage 
of  zonal  Glenkiln  graptolites.  Such  a  band,  however,  occurs, 
with  many  of  the  zonal  Glenkiln  forms,  at  the  southern,  margin 
of  the  Ballantrae  volcanic  area  (Portandea,  Currarie),  where 
there  is  a  perfect  passage  from  the  Arenig  lavas  and  overlying 
radiolarian  cherts  to  the  blue-black  mudstones  with  Glenkiln 
graptolites. 

From  these  data  we  infer  that  the  local  elevation  of  the  area 
now  lying  to  the  north  of  the  Stinchar  valley  took  place  in 
Llandeilo  time,  and  was  continued  during  a  considerable 
interval  which  is  elsewhere  represented  by  the  deposition  of  the 
greater  portion  of  the  Glenkiln  Shales  (Upper  Llandeilo). 
Towards  the  close  of  the  Llandeilo  period  submergence  again 
ensued,  and  as  the  volcanic  ridges  slowly  sank  the  coarse  conglo- 
merates accumulated  round  the  old  shore  line.  It  is  higiily 
probable,  therefore,  that  the  conglomeratic  series  (Kirkland  and 
Benan)  and  the  associated  limestone  group  belong  to  the  close 
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of  the  Llandeilo  period — ^a  classification  which  may  partly 
account  for  the  Caradoc  f acies  of  some  of  the  organisms  found  at 
Craighead  and  other  localities. 

During  the  lapse  of  time  represented  by  the  unconformability 
at  the  base  of  the  Barr  series,  continuous  sedimentation  was  in 
progress  in  the  region  lying  to  the  south  of  what  is  now  the 
valley  of  the  Stinchar.  The  blue^black  mudstones  (Poi"tandea, 
Curi'arie),  charged  with  many  of  the  zonal  Glenkiln  graptolites, 
the  green  mudstones,  shales,  greywackes,  and  pebbly  grits  of 
the  **  Tappins  group "  were  flien  deposited  on  the  sea-floor. 
Hence  to  the  south-east  of  the  village  of  Barr,  a  gradual  inter- 
calation of  fine  conglomerates  sets  in,  composed  of  materials 
similar  to  those  in  the  Benan  Conglomerate  and  in  the  mud- 
stones  and  shales  of  the  "  Tappins  group."  Though  a  fault  does 
extend  for  a  considerable  distance  along  the  south  side  of  the 
valley  of  the  Stinchar,  on  the  southern  margin  of  the  volcanic 
rocks  and  the  Benan  Conglomerate,  yet  this  dislocation  can 
hardly  be  of  any  great  amount,  for  the  strata  to  the  south-east  of 
the  fault  are  known  to  belong  to  the  conformable  Llandeilo  series 
(**  Tappins  group").  It  is  interesting,  too,  to  observe  that  at 
various  localities  among  the  conglomeratic  sediments  south  of 
the  Stinchar  valley  (Corsewall  Point,  Glen  App,  &c.^  coarse 
boulder  conglomerates  appear,  which  contain  an  assemolage  of 
pebbles  simUar  to  those  in  the  Benan  Conglomerate,  including 
the  different  types  of  Arenig  lava,  the  basic  and  plutonic  rocks, 
radiolarian  cherts,  black  shales,  and  greywackes.  It  is  highly 
probable  that  these  ancient  gravels  may  lie  on  the  horizon  of 
part  of  the  coarse  boidder  conglomerate  of  Benan.  If  this 
correlation  be  correct,  then  the  strata  intervening  between  the 
Glen  App  conglomerate  and  the  radiolarian  cherts  at  Portandea, 
north  of  Glen  App,  may  approximately  represent  the  interval 
marked  by  the  unconformability  north  of  the  Stinchar  valley. 

The  straight  feature  which  stretches  along  Glen  App  north- 
eastwards by  the  Water  of  Muck,  the  Howe  of  Laggan,  to  the 
valley  of  the  Stinchar  at  Aldinna  marks  a  line  of  fault  which  was 
originally  detected  by  Professor  James  Geikie  in  the  course  of 
the  geological  survey  of  that  region.  It  is  the  south-westward 
jjrolongation  of  the  great  structural  fault  which  bounds  the  Silu- 
rian Tableland  on  the  north  and  throws  down  the  younger 
Palaaozoic  formations  against  it.  The  continuation  of  this  fault 
on  the  west  side  of  Loch  Ryan,  where  it  crosses  the  promontory  to 
Dally  Bay,  has  already  been  referred  to  (p.  411). 

CARADOC  FORMATION. 

The  strata  belonging  to  the  Caradoc  formation  that  follow  ia 
normal  order  the  great  conglomerate  of  Benan  have  a  wide  dis- 
tribution throughout  the  Girvan  region.  They  occupy  that 
portion  of  the  elevated  plateau  on  the  south  side  of  the  Girvan 
valley  between  the  Water  of  Assel  and  the  belt  of  Llandovery 
strata,  extending  from  Saugh  Hill,  near  Girvan,  by  Camregan  to 
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the  slopes  of  Hadyard  Hill.  They  are  likewise  traceable  along 
the  shore  from  Kennedy's  Pass  northwards  to  Shalloch  Mill, 
sweeping  upwai-ds  to  the  Ardmillan  Braes  and  Bow  Hill.  On 
the  north  side  of  the  Girvan  valley  they  form  a  large  part  of  the 
**  inlier  "  of  Craighead  and  MuUoch  Hill. 

At  the  base  of  the  Caradoc  strata,  and  forming,  as  Professor 
Lapworth  has  suggested,  a  transition  zone  between  the  under- 
lying Benan  Conglomerate  and  the  oyerlying  graptolite  flag- 
stones of  Ardwell  and  Penwhapple  Glen,  lies  an  interesting 
group,  the  Balclatchie  beds,  whicn,  on  account  of  their  highly 
fossiliferous  character,  have  figured  prominently  in  the  litera- 
ture of  the  Silurian  rocks  of  Girvan.  Since  the  upper  limit  of 
the  Benan  Conglomerate  is  a  line  easily  traceable  in  the  field, 
and  marking  the  close  of  the  great  conglomerate  deposits,  we 
have  grouped  the  Balclatchie  beds  as  the  basal  group  of  the 
Caradoc  division.  With  this  slight  modification,  we  have 
followed  the  various  sub- divisions  of  the  Ardmillan  series  estab- 
lished by  Professor  Lapworth,  as  given  in  the  annexed  table  in 
descending  order: 

Generodiaed  Section  of  iike  Caradoc  Strata  (ArdmUUMi  Series  and 

Balclatchie  Chroup). 


V.  Drummuck  Group. 


^^3.  The  sandstones  and  starfish  beds  of  Quarrel 

HiU. 
2.  The  trilobite  mudstones    of   Lady  Bum 

and  Drummuck.' 
^1.  The  sandstones  and  grits  of  Auldthoms. 


iv.  Barren  Flagstone  Group.  -       Flagstones,  shales,  and  mudstones. 


i: 


Green  and  purple  mudstones,    with  cal- 
iii.  Whitehouse  Group.  -[  careous  seams. 

Shales  ¥dth  bands  of  calcareous  grit. 


(3.  Green  grits  and  mudstones  (cascade  beds). 
2.  Thin-bedded  flags  and  rusty  shales. 
1.  Iron-stained  shales  and  mudstones  (Knock- 
gerran). 

i.  Balclatchie  Group.  j?'  Fo^iliferous  grits  and  conglomerates. 

1.  x^Awcuviiic  v^ii/up.  ^^    Nodular  mudstones,  highly  fossiliferous. 

We  shall  describe  first  of  all  the  distribution  of  the  Caradoc 
sti*ata  on  the  south  side  of  the  Girvan  valley,  and  thereafter, 
their  development  in  the  Craighead  "  inlier." 

,      i.  Balclatchie  Group, 

Balclatchie  Bridge,  Penwhapple  Bur n. — About 
two  miles  to  the  north-west  of  Barr,  on  the  high-road  between 
that  village  and  Girvan,  the  passage  is  well  seen  from  the  Benan 
Conglomerate  to  the  overlying  mudstones  and  grits  of  the 
Balclatchie  group.  Here  the  highest  beds  of  the  conglomerate 
are  traversed  by  the  Penwhapple  Burn,  where  it  has  carved  a 
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small  gorge  between  the  Green  Hill  to  the  north  and  the  Doon 
Hill  near  Balelatehie.  On  the  clifE  by  the  roadside  eastwards 
from  the  bridge  the  successive  beds  of  conglomerate  appear 
charged  with  pebbles  of  the  usual  volcanic  and  plutonic  rocks, 
lying  in  a  matrix  derived  from  the  disintegration  of  basic 
materials.  They  dip  to  the  E.N.E.  at  an  angle  of  about  60^ 
and  are  succeeded  by  a  zone  of  dark  green  nodular  calcareous 
mudstones,  with  certain  marked  lithological  characters.  At  the 
first  glance  they  recall  in  their  appearance  and  mode  of  weather- 
ing the  graptoiitic  mudstones  that  overlie  the  Stinchar  Lime- 
stones in  Benan  Bum.  Where  they  are  fresh,  they  break  under 
the  hammer  into  angular  fragment^  with  a  conchoidal  fracture ; 
where  weathered,  their  joints  are  coated  with  yellow  iron-oxide. 
They  are  exposed  by  the  roadside,  in  the  bed  of  the  Penwhapple 
Bum  (which  joins  the  Girvan  Water  near  Killochan),  and  also 
in  a  small  clifE  on  the  south  bank  of  the  stream.  The  rich 
variety  and  remarkable  preservation  of  the  organic  remains 
obtained  from  these  mudstones  are,  however,  their  striking 
features.  Upwards  of  100  species  have  been  recorded  from  the 
exposures  of  these  nodular  mudstones  at  this  locality.  In  order 
to  furnish  the  reader  with  a  complete  enumeration  of  the  fossils, 
two  lists  are  annexed,  the  first  embracing  the  forms  in  the  collec- 
tion of  the  Geological  Survey,  the  second  comprising  additional 
species  obtained  by  Mrs.  Gray.     The  first  list  is  as  follows :  — 


Nidulites  favus  (Salt.) 

Hydbozoa. 
(Ximacograptus  sp. 

ACTINOZOA. 

Ptilodictya  dichotoma  (Portl.) 

CiRRIFEDIA. 

Turrilepas  scotica  (Nich.  &  Eth.) 

Phyllocakida. 
Peltocaris  sp. 
Pinnocaris  Lapworthi  (Eth.  jun.) 

TRILOBrrA. 

Acidaspis  Qrayce.  (Eth.  jun.) 

,,  hystrix  (Wyv.  Thom.) 
Agnostv^  agnostifomvis  (M*Coy.) 
Ampyx  Homei  (Eth.  &  Nich.) 

,,       Maccallumi  (Salt.) 
Aaaphus  (Tsotelus)  gigas  (Dekay.) 
Barrandia  sp. 
Bronteopsis  scotica  (Salt.) 
Bronteus  Andersani  (Eth.  &  Nich.) 
Cheirurus  geUisinosus  (Portl.) 

,,         sp. 
Cybde  verrucosa  (Dalm.) 
nicenus  (Bumastus)  Bowmani  (Salt.) 

, ,       (Dytqyl-anus)  Thomsoni  (Salt. ) 

,,       sp. 
Lichas  hibemicus  (Portl.) 
Phacops  (Acaste)  Brongniarti  (Portl.) 
Proetus  girvanensis  (Eth.  &  Nich.) 
Eemopleurides  Barrandei  (Eth.  & 

Nich.) 


Remopleurides  UUerispinifer  (Portl.) 
Salteria  prinuBva  (Wyv.  Thom.) 
Staurocephalus  globiceps  (Portl.) 

„  wfiicus  (Wyv.  Thom.) 

TrinucUus  Macconochiei  (Eth.  & 

Nich.) 

BRACmOPODA. 

Acrotreta  NichoUoni  (Dav.) 
Discina  oblongata  (Portl.) 

,,       perrugata  (M*Coy.) 
Leptcena  (Plectambonites)  quinque- 

costata  (M*Coy.) 
(scissa) = llandeiloensis 

(Dav.) 
aericea  (Sow.) 

,,      var.  rhombiea 

(M*Coy.) 
(Christiania)  tenuicincta 

(M*Coy.) 
Lingvla  attenuata  (Sow.) 
,,       ovata  (M*Coy.) 
,,       Ramaayi  (Salt.) 
Orthis  haldetchiensis  (Dav.) 

, ,    (Dalmanella)  el€gantula(Dalm.) 
,,      sotuerbyana  (Dav.) 
Paterula  (Discina)  balcletchienna 

(Dav.) 
Siphonotreta  micvla  (M*Coy.) 
Strophomena  corrugatella  (Dav.) 

(Bafinesquina)  ddtoidta 

(Conr.) 


I* 
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Strophomena  imbrex  (Pand.) 

„  (Leptcena)  rhoniboicUdis 

(WUck.) 
Lamellibranchiata. 
Ctenodanta  anglica  (D'Orb.) 
„  sp. 

Gasteropoda. 
Bellerophon  acutus  (Sow.) 
bilobatus  (Sow.) 
dilatatus  (Sow.) 


»» 


)) 


Eccyliomphdlus  Buddandi  (Portl.) 
Murchiaonia  gyrogonia  (M*Coy,) 
Eaphistoma  cequalis  (Salt.) 

PiEROPODA. 

Hyolithes  sp. 

Cephalopoda. 
Lituites  sp. 
Orthoceras  polituin  (M'Coy^ 

„         siihiindtilatum  (Portl.) 


The  following  supplementaiy  list  shows  the  additional  species 
obtained  by  Mrs.  Gray. 


lachaditta  Koenigi  (Nich.  &  Eth.) 

Hydrozoa. 
Dicranograptus  tarditucidus  (Lapw.) 
Diplograptus  rugoaus  (Emm.) 

Grinoidea. 
Ghfptocrin'us  sp. 
Myelodactylus  sp. 

ACTINOZOA. 

Betepora  sp. 

Trilobita. 

Addaapis  Lcdage  (Wyv.  Thom.) 

Cheirurus  Sedgtvicki  (M*Coy.) 

Deiphon  Farbesi  (Barr.) 

Harpes  sp. 

Lichas  Orayi  (Flet.) 

Sphcerexochxis  mirua  (Beyr.) 
Brachiopoda. 

Lingida  canadenaia  (BiU.) 
,,       granuUUa  (Phil.) 

Strkklandinia  balcletchieTiaia  (Dav.) 

Bhynchonella  balcletchienaia  (Dav.) 
cuneatella  (Dav.) 
girvanenaia  (Dav.) 
tiaauta  (M*Coy.) 


»> 


i» 


»» 


Bhyn4ih<meUa  portlockiana  (Dav.) 

,,  nucida  (Sow.) 

Orthia  caUigramma  var.  virgata  (Salt. ) 
„  , ,  var.  plicata  (Sow. ) 

Strophornena  aemigloboaina  (Dav.) 

Lamellibranchiata. 
Ctenodonta  levata  (Hall.) 
NuctUa  aubacuta  (M*Coy.) 
Gasteropoda. 
BeUerophon  expanatia  (Sow.^ 
,,  bilobatua  (Sow.) 

Bucania  sp. 
Cyrtolitea  sp. 

EcculiomphaliLa  Icevia  (Sow.) 
Murchiaonia  aimplex  (M'Coy.) 
Raphiatoma  sp. 

Pteropoda. 
Conularia  elongata  (Portl.) 
Hyolithea  acutua  (Eichw.) 
operculatua  (Salt.) 
reveraua  (Portl.) 
Cephalopoda. 
Endoceraa  atrangtUat^im  (Hall.) 


)> 


»» 


These  nodular  mudstones  are  succeeded  by  gi*een  sandstones 
and  conglomerates,  which  likewise  foim  an  important  horizon 
owing  to  the  fossiliferons  character  of  the  conglomerates.  Like 
the  Benan  Conglomerate,  the  matrix  of  the  beds,  above  the 
Balclatchie  mudstones  is  largely  composed  of  the  detritus  of  the 
Arenig  igneous  rocks,  and  the  scattered  pebbles  are  formed  of 
similar  materials.  The  fossiliferous  conglomerate  is  overlain  by 
green  sandstones  which  pass  upwards  into  iron- stained  shales 
with  graptolites  that  form  the  lowest  sub-division  of  the  Ardwell 
group.  The  fossils  obtained  from  the  Balclatchie  Conglomerate 
by  the  Geological  Survey,  are  given  in  the  following  list :  — 


HUtnua  (Bumaatua)  Bawmani  (Salt.) 
Acrotreta  Nicholaoni  (Dav.) 
Leptana  (Chriatiania)  tenuicincta 

(M*Coy.) 
Orthia  ccdligramma  (Dalm.) 

„      bcMeUhienaia  (Dav.) 

, ,      aowerbycma  (Dav . ) 


Bhynchonella  naauta  (M*Coy.) 

,,  nitcula  (Sow.) 

Strophornena  corrvgateUa  (Dav.) 

( Bafineaquina)  deltoidea 

(Conr.) 
aemigloboaina  (Dav.) 


i» 
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The  following  are  the  additional  species  obtained  by  Mrs. 
Gray. 

Fistulipora  favoaa  (Nich.  &  Eth.) 
Ampyx  sp. 

Cheirurus  bimucroncUus  (Murch.) 
Sphasrexochus  imms  (Beyr.) 
Lingula  canadensis  (BUI.) 
LepUtfui  sericea  var.  rJunnlyica 

(M'Coy.) 


»> 


(Plectamhonites)  tranaversalis       Bellerophan  sp. 


(Dalm.) 
,,        youngiana  (Dav.) 
Orthis  Bouchardi  var.  baldetchiensis 

(Dav.) 
Lajnvorthi  (Dav.) 


Orthis  turgida  (M*Coy.) 

BhynchoneUa  haldetchiensis  (Dav.) 
,,  cuneatella  (Dav.) 

,,  (;trtwn€twM  (Dav.) 

„  sp. 

5^rop?iomena  retrq/Ieasa  (Salt.) 

Plenrorhijnchus  dipterus  (Salt.) 


»> 


(hfrtolites  orbicularis  (Lindst.) 
Kaphistoma  aqtudis  (Salt.) 
Madurea  matutina  (Hall.) 
Gyrtoceras  sp. 
Phragmoceras  sp. 


Barbae,  Daldowie,  and  Millenderdale.  (Sheets  7  and  8). 
— From  Balclatchie  Bridge  south-westwards  to  Tramitchell, 
considerable  difficulty  has  been  found  in  tracing  the  outcrop  of 
the  Balclatchie  group,  for  in  that  district  the  line  marking  the 
upper  limit  of  the  Benan  Conglomerate  is  very  irregular,  owing 
to  the  reduplication  of  the  strata  by  folding.  Hence  long  tongues 
of  conglomerate  and  giit  penetrate  in  anticlinal  form  the 
grapfolitic  shales  and  mudstones,  while  the  latter  lie  in  synclines 
of  the  underlying  beds.  Professor  Lapworth  has  obtained  fossils 
in  grits  at  various  localities  along  this  line  of  outcrop — as,  for 
instance,  near  the  limestone  quarry  at  Tramitchell,  near  the 
farmhouse  of  Barbae,  and  in  quarries  west  of  the  Dalfask  Bum. 
Regarding  the  outcrop  by  the  roadside  near  Barbae  Farmhouse, 
he  states  that  the  grit  ''  there  abounds  in  fragments  of  quartz, 
and,  except  for  its  decidedly  gritty  matrix,  has  few  points  of 
resemblance  to  the  typical  Balclatchie  grit.  It  contains  a  few 
fossils  in  some  shaly  seams  at  its  summit:  LepUrna,  Bellero- 
phmi,  and  Ctenodonta  were  here  collected  by  myself."*  Another 
exposure  of  a  similar  fossiliferous  grit  occurs  in  the  Water  of 
Assel,  about  700  yards  N.N.E.  of  Pinmerry,  where  numerous 
casts  of  fossils  occur,  including  corals,  brachiopods,  and 
encrinites. 

On  the  western  slope  of  Daldowie  Hill,  a  rapid  reduplication 
of  the  Benan  Conglomerate  and  overlying  mudstones,  similar  to 
that  near  Balclatchie,  is  observable.  So  marked  is  the  folding 
that  the  observer  cannot  fail  to  realise  how  largely  the  great 
development  of  the  conglomerate  between  the  Stinchar  and  the 
Assel  Water  may  be  due  to  the  plication  of  the  beds.  From 
the  shales  on  Daldowie  Hill  Professor  Lapworth  obtained  Stro- 
phomena  conrugateUa,  Leptcena  sericea,  Gienodonta,  and  a 
form  of  Am  pyx.  Immediately  to  the  east  of  these  highly  folded 
strata  (Balclatchie  Shales  and  Benan  Conglomerate)  occurs  a 
small  inlier  of  volcanic  agglomerate  bounded  on  the  east  side  by 
an  outcrop  of  Stinchar  Limestone. 

Beyond  the  valley  of  the  Assel  in  the  direction  of  Millender- 
dale, fossiliferous  grit,  evidently  on  the  horizon   of  the   Bal- 
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clatchie  Grit,  is  found  in  quarries  on  the  north  side  of  the  road 
near  Meikle  Letterpin.  Again,  in  the  south  branch  of  Millen- 
derdale  Bum,  north-west  of  Knockbain  Farmhouse,  greenish 
mudstones  dip  to  the  north-west  at  high  angles  and  immediately 
overlie  the  Benan  Conglomerate,  from  which  the  following  fossils 
have  been  obtained,  indicating  the  horizon  of  the  Balclatchie 
Mudstones : 


Turrilepas  scotica  (Nich.  &  Eth.) 
lUcenus  sp. 
Remopleurides  sp. 


Lingula  attenuata  (Sow.) 
Ctenodonta  kevis  (M*Coy.) 
Bellerophon  fastigiatus  (Lindst. ) 


Lepta^na  sericea  (Sow.)  i    Oyclonema  sp. 

Laggan  Gill  (Sheet  7). — On  the  south-west  side  of  the 
gorge  of  Laggan  Gill,  and  about  400  yards  west  of  the  farmhouse 
of  Laggan,  the  Balclatchie  shales  and  grits,  as  shown  by  Pro- 
fessor Lapworth,  plunge  with  an  inverted  dip  underneath  the 
Benan  Conglomerate.  Here  the  transition  zone  at  the  summit 
of  the  group  is  crowded  with  characteristic  graptolites  and 
brachiopoda  in  a  state  of  fine  preservation,  the  commonest  forms 
recorded  by  Professor  Lapworth  being:  Cri/ptograpttis  tricomis, 
Lasiograptus  TTarknessi,  Climajcograpius  bicomis,  G.  Schdrenbergij 
Biplograptus  rugosus,  D.  folia^i&iis,  together  with  species  of 
Trachyderma,  Cythere,  &c.  During  the  recent  revision  by  the 
Geological  Survey  the  following  graptolites  were  obtained  from 
limestone  nodules  in  shales,  passing  with  an  inverted  south-west 
dip  beneath  the  Balclatchie  Grit  of  Laggan  Gill,  viz. :  Diplo- 
graptus  foliaceus,  Dicranograptus  ramos^is,  Climacograptus  Schdren- 
bergi,  and  Orthoceras, 

Ardmillan  Braes  (two  miles  south  of  Girvan). — ^Next 
to  the  exposures  at  Balclatchie  Bridge  the  outcrop  of  the 
Balclatchie  group  at  Ardmillan  Braes  is  deserving  of  notice  on 
account  of  the  rich  variety  of  its  organic  remains.  As  described 
on  a  previous  page,  the  successive  bands  of  Benan  Conglomerate 
are  traceable  along  tJie  hill  slopes  from  Kennedy's  Pass  by  Shiel 
Hill  to  the  declivity  south  of  Ardwell  and  Ardmillan.  Through- 
out part  of  this  distance,  as  in  the  streams  S.S.W.  of  Ardwell, 
the  conglomerate  dips  to  the  north-west  at  an  angle  of  about  50° 
underneath  the  graptolite  flagstones,  but  towards  the  slope  south 
of  Ardmillan  House  the  beds  are  vertical  and  in  some  cases 
inverted.  Here  the  highly  fossiliferous  mudstones  are  exposed 
in  old  quarries  about  half  a  mile  E.S.E.  of  Ardwell  Farmhouse, 
and  a  continuous  section  can  be  followed  northwards  in  several 
small  streamlets  from  the  underlying  Benan  Conglomerate  to  the 
mudstones.  As  Profassor  Lapworth  has  shown,  the  conglomerate 
in  the  stream  sections  is  succeeded  northwards  by  greenish  grey 
grits,  that  weather  with  a  purple  tint  and  have  a  highly  inverted 
dip  to  the  S.S.E. ;  these  are  followed  by  calcareous  sandstones, 
which  are  very  fossiliferous  on  certain  horizons,  having  yielded 
to  him  B^emopleurides  dorsospinifer,  Asaphus  gigas,  Stauroce- 
phalus  globiceps,  Phacops  Brongniarti,  Orthis  calligrcunvma,  0. 
actonice,  Leptoena  tenuidncta,  Murchi^oniay  &c.  Afber  a  short 
gap  in  the  section,  the  green  nodular  mudstones  reappear  in  the 
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quarries  and  in  the  streamlets,  with  their  characteristic  lithologi- 
cal  and  palaBontological  features. 

Regarding  the  sequence  of  the  strata  visible  at  Ardmillan 
Braes,  Professor  Lapworth  makes  the  following  statement:  — 
"  The  relation  of  the  fossiliferous  Balclatchie  Sandstones  to  the 
Benan  Conglomerate  at  this  locality  is  presumptive  of  a  disloca- 
tion between  the  two,  and  if  the  natui^  sequence  contains  the 
same  members  as  at  Balclatchie,  the  beds  here  in  contact  with 
the  conglomerate  must  be  the  highest  beds,  the  fossiliferous 
mudstones  being  the  lowest  strata  of  the  transitional  groups 
here  exposed  and  owing  their  great  thickness  to  their  bein^ 
arranged  in  anticlinal  form.  The  hiatus  in  the  succession  would 
naturally  be  filled  with  graptolitiferous  mudstones,  over  which 
follow  the  shell-bearing  gritstones  in  their  proper  sequence.  If 
this  be  the  true  interpretation  of  the  visible  phenomena,  it 
follows  that  the  shell-bearing  gritstones  should  be  repeated 
between  these  quarries  and  the  graptolitic  flagstones  visible  in  the 
roadway,  or  must  be  again  cut  out  by  a  fatdt.  That  the  latter 
supposition  is  in  all  probability  the  correct  one  is  evident  from 
the  fact  that  where  the  sequence  is  unbroken,  a  quarter  of  a  mile 
to  the  westward,  it  is  identical  with  that  at  Balclatchie,  as  is 
also  the  case  in  Ardmillan  Bum,  about  half  a  mile  further  to 
the  east."  *     .         .        . 

The  following  list  gives  the  fossils  in  the  collection  of  the 
Geological  Survey  from  the  Balclatchie  beds,  Ardmillan  Braes : 


Stenopora  (Fcwosites)  fhroM  ((Joldf.) 
Petraia  eUmgctta  (PhO.) 
Asaphus  (Isotdus)  gigas  (Dekay.) 

,,  ,,        rectifrons  (Portl.) 

Bronteus  hiberniais  (Portl.) 
Harpes  sp. 

llUBtvus  Bowmani  (Salt.) 
Phacops  (Acaste)  Brongniarti  (Portl. ) 

,,        Dalmani  (Portl.) 
Staurocephalus  globiceps  (Portl.) 
SUjgina  latifrons  (Portl.) 
Triniu^eus  sp. 
Acrotreta  Nicholsoni  (Dav.) 
Diacina  oUongaia  (Portl.) 

,,  ,,         var. 

Leptcena  (gcisaa) = Uandeiloensis 

(Dav.) 
sericea  ^Sow.) 
(Orthis)  Rankini  (Dav.) 
(Ghristiania)  tenuicincta 

(M*Coy.) 
Orthis  (DalmaneUa)  tedvdinaria 

(Dalm.) 
eaUigrwmma  (Dalm.) 

,,         var.  virgata{Bow,) 
(DalmcmeUa)  degantxda 

Palm.) 
Phynchondla  cur^ateUa  (Dav.) 


»> 


»> 


Strophomena  arenacea  (Salt.) 

(Bafinesquina)  eocpansa 

(Sow.) 
grandis  (Sow.) 
Amhan/ychia  sp. 

Area  edmondicrformis  (M*Coy.) 
Otenodonta  sp.  (4) 
OucvUella  sp. 

Modidopsis  modiclaris  (Conr.) 
Orthanota  sp.  (2) 
BeUerophon  acutus  (Sow.) 
,,  carinatus  (Sow.) 

, ,  irUchcUtis  (Sow. ) 

Oydonema  cre&rwirium  (M*Coy.) 
Ecctdiomphaltia  minor  (Fortl.) 

„  scoticua  (M*Coy.) 

Holopea  sp. 
HoU^peUa  sp. 
Mcuiwrea  sp. 
Murchiaania  sp. 
OphUeta  compacta  (Salt.) 
Baphistoma  Unticularia  (Sow.) 
Oonidaria  dongaia  (Portl.) 
Hyolithes  (Theca)  revermia  (Salt.) 
, ,        triangularis  (Salt. ) 
,,        vaginvlus  (Salt.) 
Orthoc^ras  ibex  (Sow.) 

, ,         imhricatum  (Wahl. ) 


*  Quart.  Jour.  Geol.  Soc.,  vol.  xxxviii.,  p.  691. 
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The  following  supplementary  list  of  fossils  shews  the  forms 
obtained  by  Mrs.  Gray  in  addition  to  those  given  in  the  foregoing  list : 


Dicellograptus  moffatensis  (Carr.) 

Dicranograptus  tardiiLSCulus  (Lapw.) 

Diplograptus  sp. 

Glypiocrinus  sp. 

Ptilodictya  dichotoma  (Portl.) 

Turrilepas  scotica  (Eth.  &  Nich.) 

Pinnocaris  Lapworthi  (Eth.  jim.) 

Agnostus  agnostiformw  (M*Coy.) 

Ampyx  Hornet  (Eth.  &  Nich.) 

Bronteopsis  scotica  (Salt.) 

Cheirurus  sp. 

Gybele  verrucoaok  (Dalm.) 

Orania  ap, 

Discina  perrugata  (M*Coy.) 

Leptcena  llandeiloensu  (Day.) 

,,        (Flectamhonites)  quinque- 

costata  (M*Coy.) 
Lingxtla  attenuata  (Sow.) 
,,        hrevis  (Portl.) 
,,       granvlata  (Phill.) 
Orthis  ccUUgramma  (Dalm.) 

, ,  var.  plicaia  (Sow. ) 

Carausii  (Salt.) 
crispa  (M*Coy.) 
fDinorthui)Jlabellulum  (Sow.) 
kUbuchoensis  (Dav.) 
sp. 


RhynchoneUa  ard/mUlanensis  (Dav.) 

,,  sp. 

Siphonotreta  micula  (M^Coy.) 
Sirophomena  compressa  (Sow.) 
corrugatdla  (Dav.) 
(Bafin^squma)  ddtoidea 

(Conr.) 
insculpta  (Hall.) 
Uandeiloensiji  (Dav.) 
retroflexa  (Salt.) 
sp. 

Triplegia  spiriferoides  (M'Coy.) 
Ambonychia  radiaia  (Emm.) 

,,  sp. 

Amcula  sp. 
Cteywdonta  astarUvformxs  (Salt.) 

,,  varicosa  (Salt.) 

Goniophora  sp. 
Bellerophon  bilobatu^  (Sow.) 
,,  expansiLs  (Sow.) 

,,  sp. 

Bucania  sp. 

Eccxdiomphodus  BuMandi  (Portl.) 
Pleurotomaria  trochiformis  (Portl.) 
Raphistoma  sp. 
Pterotheca  transversa  (Salt.) 
Orthocerm  Avelini  (Salt.) 


»» 


>» 


»» 


>» 


»> 


>> 


Dow  Hill,  Sheet  7). — In  a  quarry  on  the  northern  slope  of 
the  arch  of  Benan  Conglomerate  on  Dow  Hill,  a  mile  and  a  half 
south  of  Girvan  Station,  the  Balclatchie  Mudstones  occupy  their 
normal  position  and  yield  their  characteristic  fossils.  The  fossils 
given  in  the  subjoined  list  have  been  collected  there  by  the 
Geological  Survey: 

Agnostus  agnostiformis  (M'Coy.)  j   Remopleurides  Barra^dti  (Eth.  & 

Ampyx  Maccallumi  (Salt.)  Nich.) 

Asaphus  (Isotdus)  gigas  (Dekay.)  ,.             laterispinifer  (Portl.) 

Cybele  sp.  Staurocephalus  unicus  (Wyv.  Thorn.) 

Pha^iops  (Acaste)  Brongniarti  (Portl. )  i    Trinucleus  omatus  (Stemb. ) 

The  following  additional  forms  have  been  obtained  by  Mrs. 
Gray  from  the  same  locality : 


Diplograptus  sp. 
Ghjptocrinus  sp. 
Ptilodictya  dichotoma  (Portl,) 

„  sp. 

Tentaculites  sp. 

Turrilepas  scotica  (Eth.  &  Nich.) 
Ampyx  Homei  (Eth.  &  Nich.) 
Cybele  verrucosa  (Dalm.) 
IacKos  sp. 
Stamrocephalus  glohiceps 

(Wyv.  Thom.) 
Trinucleus  concentricus  (Eaton.) 
Discina  oblongata  (Portl.) 
Lingula  attenuata  (Sow.) 
Orthis  (Dalmanella)  testudi7iaria 

(Dalm.) 


Strophomena  corrugateUa  (Dav.) 
,,  retroflexa  (Salt.) 

, ,  (Rafinesqu  ina)  deltoidea 

(Conr.) 

Rhijnchondia  sp. 

Arnhonychia  sp. 

Ctenodorda  astartoeformis  (Salt.) 

Bellerophon  hilobatus  (Sow.) 

Bucania  sp. 

Raphistoma  sp. 

Helm^inthochiton  sp. 

Ecculiomphdlus  Budldandi  (Portl.) 

Conularia  elongata  (Portl.) 

Hyolithes  reversus  (rortl.) 

Eiuioceras  strangulatum  (Hall^ 

Orthoceras  subundulatum  (M*C!oy.) 
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Ardmillau  Shor e. — Having  indicated  the  chief  localities 
where  the  highly  fossiliferous  Balclatchie  beds  are  visible,  we 
may  now  describe  two  prominent  sections  on  the  south  side  of 
the  Girvan  valley,  which  display  the  three  succeeding  sub- 
divisions of  the  Caradoc  strata,  viz.:  the  Ardwell  group,  the 
Whitehouse  group,  and  the  Barren  Flagstone  group.  The  first 
of  these,  which  extends  along  the  shore  from  Kennedy's  Pass  to 
Shalloch  Mill — ^a  distance  of  about  three  miles — ^has  been  chosen 
by  Professor  Lapworth  as  a  typical  section  of  the  graptolitic 
flagstone  series  fPig.  113).  The  second  occurs  in  Penwhapple 
Glen,  to  the  north-west  of  Balclatchie  Bridge. 

ii.  Ardwell  Oroup. 

The  Ardmillan  shore  section  (Fig.  113),  furnishes  at  low  tide 
a  tolerably  continuous  sequence  of  these  groups.  At  the  northern 
limit  of  Kennedy's  Pass  the  Benan  Conglomerate  is  followed 
immediately  by  the  basal  zones  of  the  Ardwell  group.  Though 
every  bed  at  the  line  of  contact  is  visible,  there  is  here  no  repre- 
sentative of  the  intervening  Balclatchie  group,  which  is  met 
with,  as  already  indicated,  about  a  mile  and  a  half  to  the  east  on 
Ardmillan  Braes. 

The  lowest  zones  consist  of  thin  dark  grey  slightly  carbonaceous 
shales  with  hard  grey  ribs,  from  which  Professor  Lapworth  has 
collected  the  following  graptolites  ly—Diplograpttis  folidceusy  D, 
pristis,  D,  rugosus,  and  Climacograptus  bicomis.  These  strata  are 
followed  by  flaggy  shales  passing  upwards  at  the  farm  of  Ardwell 
into  flagstones  with  partings  of  dark  grey  shale.  From  these  beds 
the  same  observer  obtained  in  addition  to  the  fossils  of  the  lower 
zones :  DicranograptvrS  ramosus,  Corifnoides  calycularis,  Ecculiow^ 
phalus  Buckhmdiy  and  an  occasional  brachiopod.  The  highest 
members  visible  on  the  beach  at  Ardwell  consist  of  banded  shales 
with  alternating  dark  and  grey  seams  charged  with  Climacogrwptus 
caudatus  and  IHplograpius  ntgosus  (8b ',  Fig.  118). 

Though  the  section  from  Kennedy's  Pass  to  Ardwell  Bay  does 
not  show  the  Cascade  beds,  which  Professor  Lapworth  regards 
as  the  highest  sub-zone  of  the  Ardwell  group,  it  adffords  excellent 
opportunities  for  studying  the  peculiar  types  of  the  graptolitic 
flagstones  and  the  rapid  folding  of  the  strata  (Plate  XVII.). 
This  striped  flagstone  series  includes  the  represei^atives  of  only 
a  portion  of  the  Lower  Hartfell  black  shale  of  the  Southern 
Uplands,  and  by  means  of  the  zonal  form  CUmacograptus 
caudatus  it  is  possible  to  fix  the  stratigraphical  horizon  of  the 
beds  in  Ardwell  Bay  relatively  to  the  Moffat  sequence.  Instead 
of  a  limited  thickness  of  black  shales,  we  have  here  a  succession 
of  striped  fiagstones  and  shales,  which  is  probably  not  far  short 
of  1000  feet  in  thickness. 

iii.   Whitehouse  Oroup, 

From  Ardwell  Bay  north-eastwards  along  the  shore  te  Shal- 
loch Mill,  the  members  of  this  group  are  well  exposed.     They 
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have  been  arranged  by  Professor  Lapworih  in  two  sub-groups. 
The  lower  consists  of  (1)  grey  ani  green  carbonaceous  shales, 
yielding  DlcellograjHus  Forcnhammeriy  followed  by  (2)  grey 
flagstones  with  ribs  of  impulse  fossiliferous  limestone,  enclosing 
specimens  of  L&ptoena  transverscUis,  L,  sericea,  Orthis  caUi- 
gramma,  Strophomena  sp. ;  (3)  soft  green  mudstones  with  hard 
siliceous  ribs.  These  sub-zones  ai*e  displayed  on  the  beach  north- 
wards fi'om  Ardwell  Bay,  the  beds  being  vertical  or  highly 
inclined,  and  in  some  cases  inverted.  At  the  third  milestone 
from  Girvan,  beside  the  old  iiiin  of  Whitehouse,  the  variegated 
mudstones,  shales,  flags,  and  calcareous  bands  are  well  seen  tliat 
foi*m  the  upper  sub-group  and  contain  certain  highly  fossiliferous 
seams.  The  lowest  beds  of  the  upper  sub-group  are  readily 
recognised  irova.  the  presence  of  a  zone  of  bright  purple  mud- 
stones, conspicuous  on  the  beach  at  low  tide,  which  are  associated 
with  alternating  green  and  purple  mudstones  and  shales.  These 
strata  are  destitute  of  fossils,  but  they  pass  upwards  into 
calcareous  grits,  flagstones,  and  shales,  with  black  shale  seams, 
some  of  the  bands  being  highly  fossiliferous. 

The  fossils  given  in  the  following  list  have  been  obtained  l;y 
Mrs.  Gray  from  this  group  in  Whitehouse  Bay, 


Dicellograptiis  Morrisi  (Hopk.)  [  Sidcuna  prcRurrens  (Jones.) 

Diplograptua  qvadrirmtcroriatu^  Jllrichia  girvanensia  (Jones.) 

(Hall.)  ~ 

,,  aocialis  (Lapw.) 

,,  trunc<itu8  (Lapw.) 

SerptUites  latigissimus  (Murch.) 
Turrilepcu  Pectchi  (Eth.  jr.) 
Aparchites  leperditioides  (Jones.) 

,,         9uhovatti3  (Jones.) 
Beyrichia  Kloedeni  var.  infecta 

(Jones.) 
,,        impar  (Jones.) 
Oypridina  Grayce  (Jones.) 
Primitia  girva/nerms  (Jones.) 
Grayce,  (Jones.) 
Kra/iiwi  (Jones.) 
rMLndvla  var.  Jimbrxatxis 

(Jones.) 
,,         n\ida  (Jones.) 
, ,         ulr'ichiana. 


^1 


»» 


Agnostua  perrugcLtus  (Barr.) 

Ampyx  sp. 

Bohemilla  sp. 

Cydopyge  armaia  (Barr.) 

, ,        rediviva  (Barr. ) 
Oybde  sp. 

Dindymene  Cordai  (Eth.  A  Nich.) 
Dionide  Lapworthi  (Eth.  &  Nioh.) 
Tr%nudev>s  sp. 
Athyria  sp. 
Lingula  attenuata  (Sow.) 

„       hrtma  (Portl.) 
Orthis  sp. 
Euotnphalus  sp. 
HyolUhea  (  Theca)  trianguUirU  (Portl. ) 

,,  ,,       rerer^ud  (Salt.) 

Orthoceras  byUatum  (Sow.) 


To  the  north  of  the  old  ruin  of  Whitehouse,  the  Upper  White- 
house  beds  are  followed  seawards  by  the  Barren  Flagstones  of 
the  succeeding  group,  but  their  strike  being  nearly  parallel  to 
the  shore,  they  can  be  traced  at  intervals  north-eastwards  along 
the  margin  of  the  beach  to  Port  Cardloch,  thence  across  Wood- 
land Point  to  Woodland  Bay,  and  onwards  to  Myoch  Bay, 
opposite  Shalloch  Mill  and  south  of  Craigskelly  where  a  flne 
development  of  the  upper  sub-division  has  been  minutelv 
described  by  Professor  Lapworth  (Quart.  Jour.  Geol.  Soc.,  vol. 
XXXVIII.,  p.  599).  The  relations  of  the  strata  are  here  some- 
what complicated  owing  to  inversion  and  folding.  The  overlying 
Barren  lagstones  dip  south-eastwards  underneath  the   Upper 
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AVliitehouse  beds,  showing  how  misleading  is  evidence  based 
merely  on  local  relative  superposition.  In  the  centre  of  Myoch 
Bay,  between  Shalloch  Mill  and  the  mouth  of  Byne  Hill  Bum, 
the  beds  are  highly  contorted,  but  towards  the  south-west  the 
sub-zones  of  purple  and  variegated  mudstones  are  recognisable, 
and  are  succeeded  northwards  by  the  richly  fossiliferous  bands 
that  form  the  highest  sub-division  of  the  Upper  Whitehouse 
beds.  The  latter,  as  developed  on  the  beach  opposite  Shalloch 
Mill,  are  thus  described  by  Professor  Lapworth. 

"  The  final  or  fossiliferous  sub-group  is  greatly  contorted  and 
broken,  but  when  carefully  mapped  in  detail,  the  following 
succession  is  easily  made  out : 

"  (1)  Dicellograjjtus-comiilanatus  zone.  Black  shales,  highly  car- 
bonaceous, with  a  few  seams  of  gi'ey  mudstone  and  calcareous  grit, 
crowded  with  graptolites  (5  feet).  Diplogra^tus  sodalia  (Lapw.)  is 
the  commonest  form,  and  occurs  in  hosts.  Less  frequent  are  the 
forms  in  the  following  list : 

Climacograptus  Uibuliferus  (Lap.)  Theca  triangularis  (Portl.) 

Dicellograptus  complaTiatua  (Lapw.)       •    LingtUa  sp. 
,,  Marrisi  (Hopk.)  i 

"  (2)  Dwtyonemar'Zone.  Hard  flaggy  shales  (9  feet)  with  ribs  of 
grey  calcareous  rocks.  In  certain  zones  these  beds  contain  an 
abnndance  of  Dictyonema,  together  with  numerous  fragments  of 
PhyUopoda,  LingulidcBy  and  Dijthgraptidxe, 

"  The  characteristic  forms  dkveDiciyonema,  Oanocladiumy  Lingula, 
"  (3)  Dionide-\)2i\s,  Finally  we  have  a  thickness  of  about  six 
feet  of  sandstones,  containing  such  a  large  proportion  of  cal- 
careous matter  that  in  places  they  rather  deserve  the  title  of 
impure  nodular  limestones.  They  afford  a  large  and  varied 
association  of  fossils,  some  of  which  are  beautifully  preserved.'' 

The  fossils  given  in  the  subjoined  list  have  been  collected  by 
Mrs.  Gray  from  these  fossiliferous  bands  on  the  beach  opposite 
Shalloch  Mill : 

Qimacograptua  tubuliferus  (Lapw.)  Leptana  (Christiania)  ienuicincta 

Diplograptus  sp.  (M*Coy.) 

Halysites  catejiulaiAis  (Linn.)  „        (PlectanU/onit^s)  transver- 

,,        sp.  I  scUis  (Wahl.) 

Glyptocrinus  sp.  ,    Lingula  attenuata  (Sow.) 

Nematolites  Gray i  (La.j)w.)  '  ,,       brevis  (Portl.) 

Tentaculites  angliciu  (Salt.)  „       quadrata  (Eichw.) 

Fenestella  sp.  Orthi^  (Bilobites)  biloba  (Linn.) 

Odlymene  Blumenbachi  (Brong.)  ,,      calligramma  (Dalm.) 

,,        sp.  ,,      (D(U7ruinella)  eUgantvla 

Cybele  sp.  (Dalm.) 

lUanxis  sp.  ,,      Lapworthi  (Dav.) 

Staurocephalus  globiceps  (Portl.)  ,,      sowerhyana  (Dav.) 

Trinucleus  sp.  ,,      (Dalmanella)  testudinaria 

Discina  perrugata  (M  *Coy . )  |  (Dalm . ) 


Leptcena  segmentum  (Ang.) 

,,        (FUdainbonites)  quinqve- 

costata  (M*Coy.) 


vetpertilio  (Sow,) 
Pentamerus  ahaUockiensis  (Dav.) 
Porambonites  intercedena  (Pand.) 


,,        sericea  (Sow.)  I    Orania  (Pholidopa)  impliccUa  (Sow.) 
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BhynchmieUa  shallockienns  (Day.) 
Skenidium  shaUockieiisis  (Day.) 
Strophomena  currugatella  (Dav.) 

rhomboidalis  (Wilck.) 
shailockiensis  (Day.) 
sirmdans  (M'Coy.) 
Anibonydiia  radiata  (Emm.) 
Mybilus  gradatus  (Salt.) 
Bdlerophon  argo  (Bill.) 

,,  carinatus  (Sow,) 

sp. 
Oydmienui  carinatum  (Sow.) 
Eccidi4)mph(UiM  Bucklandi  (Portl.) 
„  Ictvis  (Sow.) 


Euomphalus  funcdus  (Sow.) 
Metoptoma  sp. 

Murckisonia  {Pleurotomaria)  bicincta 

(HaU.) 
Ophileta  compacta  (Salt.) 

NeHne  (Bill.) 
Oriostoma  diacors  (Sow.) 
Pleurotomaria  sp. 
Orihoceras  arcuoliratwm  (Hall.) 

6i2tneatum  (Hall.) 

gracile  (Portl.) 

ludente  (Sow.) 

varans  (Salt.) 


1 » 


»» 


Near  the  mouth  of  the  Byne  Hill  Bum,  close  to  Shalloch 
Mill,  from  an  outcrop  of  soft  blue  HsLggy  mudstones  with  black 
carbonaceous  seams,  J?rofessor  Lapwortn  obtained  an  important 
suite  of  graptolites  characteristic  of  the  Pleurograptus  linearis 
zone,  which  are  given  in  the  following  list: 


Leptograptus  JUiccidus  (Hall.) 
Pleurograptus  linearis  (Carr.) 
DiceUograptus  Morrisi  (Hopk.) 
Climacograptus  tidndiferus  (Lapw.) 


Diplograptus  quadrimiuiroTuitus 
,,  foliaceus  (His.) 


Regarding  these  beds  the  same  observer  states  that  they 
**  are  of  the  same  general  character  as  those  of  the  majority  of 
the  Whitehouse  group,  to  which  they  unquestionably  belong; 
but  the  absence  of  definite  ribs  of  flagstone  from  among  the  soft 
blue  shaly  mudstones,  of  which  these  Byne  Hill  beds  are  made 
up,  will  not  allow  us  to  paiuUel  the  little  group  satisfactorily 
with  any  of  the  zones  already  described." 


iv.  Barren  FlcLgstmie  GroujK 

The  next  group  of  strata  above  the  Whitehouse  beds,  consists 
of  alternations  of  flagstones  and  shales  with  greywacke  bands, 
and  is  singularly  destitute  of  organic  remains.  It  is  traceable 
along  the  shore  in  a  nearly  vei-tical  position  from  Whitehouse 
to  near  Shalloch  Mill,  being  seen  to  advantage  in  Woodland 
Bay,  where  the  thick  flaggy  greywackes  of  the  middle  zones  are 
displayed.  The  shales  at  tne  base  have  yielded  Nematolites 
Grayi — ^a  form  which,  according  to  Professor  Lapworth,  "  pre- 
eminently distinguishes  this  group  throughout  the  Girvan 
region."  These  are  the  highest  visible  beds  of  the  Garadoc 
formation  on  the  Ardmillan  shore,  for  the  promontory  at  Wood- 
land and  the  rocky  islets  at  Craigskelly,  north  of  Shalloch  Mill, 
are  formed  of  Llandovery  strata,  which  are  here  thrown  down  by 
a  prominent  strike  fault  running  parallel  to  the  shore. 

P  e  n  w  h  a  p  p  1  e  G 1  e  n. — ^The  rocky  gorge  formed  by  the 
Penwhapple  Bum  affords  a  continuous  section  of  the  Ardwell, 
Whitehouse,  and  Barren  Flagstone  groups,  which  cover  a  con- 
siderable part  of  the  plateau  south  of  the  Girvan  valley  between 
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4e.  Bargany  group. 

4d.  Penkill  group — 

3.  Orfrtogiy^ua  Gtvyi  mudetoDes. 
2.  frotonr^uiarta-Hags  with  Jlifono. 

graptut  txiymu. 
1.  Crotiopodia-vhal^. 

^   4c,  Camreinn  group — 

^  4.  ITiick-bedded  grito. 

p  3.  Saatritea  maximut-Bbtiles. 

5.  2.  Camr^^n,  or  Upper  Pentatxervs, 

A  limestone. 

^  1.  Grit  and  Bajidstono  with  ShtpicHo- 

jg  ndla  evneata. 

0  4  b.  Saugh  Hill  group — 

^  S,  Dark    ahalea    with    Monogr^plut 

E  S^cidii,  d-c. 

^  8.  Grey  sud  green  mudBtones. 

7-  1  hick-bedded  grita. 

_§  6.  Fla^y  shales. 

,  3  ^'  Grits  and  Sagstones. 

ju  4.  Grey  and  green  HbaleE. 

g;  3.  Striped  shales.                    ^   | 

^  2.  Dark  ahaleg  with  Diph- 1  §■  S  ~ 

»  ?mj.(iM  «m/ertiM.  hill 

g  1.  Mudstonee     and    shales    Xs4 

ft-  with  PCTitemeK,  J  iS 
.9 
■0    3d.  Barren  flfigstonee — 

1  3,  Thick-beddedflagBandshaleBwith 
S.  ZHptogn^lus  Iruncoiua. 

S  2.  Flagstones  and  shales. 

^  1.  Flags,  shales,  and  mudstoaes  with 

u  3c,  Whitehouse  beds— 

-»  2.  Green  and  purple  mudstone. 

"S  1-  Shales  and  mudstonee  with  ZHflo- 

g  ^raptiM  quadrimueronalua. 

I    3b.  Ardwell  shales— 
^  4.  Cascade  grits, 

'■  3.  Shales  with  DkeUoffi-apti. 

^  2.  Grey  flagstones. 

1.  Shales  with  dimoeoyraptiu  eaIa((M 

S  and  DiplogmpUis  rugona. 

3a.  Balclatchie  beds — 
9.  Conglonierat«. 
1.  Mudstoues,  highly  foeeiliferouB. 

2e.  Benan  coDgloukorate. 

B.  Dolei-ite  dykes. 
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Milleuderdale  and  the  south  slope  of  Hadyard  Hill  (Fig.  114). 
The  richly  fossiliferous  mudstoues  and  grits  at  Balclatehie 
are  immediately  overlain  by  carbonaceous  shales,  charged  with 
ClimcLcogravtus  ScMrenberyi,  Lasiograjjttis  Harhnessi,  and  Crypto^ 
grcqdus  triconiisj  fomiing  the  basal  zone  of  the  Ardwell  beds. 
Xext  in  order  come  thin  iron-stained  shales  and  flaggy  shales 
(Knockgerran),  which,  though  in  places  much  contorted,  dip 
generally  to  the  north-west,  and  have  yielded  to  Professor  Lap- 
worth:  JDiplograptus  foliaceus,  D.  rugosus,  Glimacograptua  Schtiren- 
bergi^  C.  coelakus  var.  antiquuSy  Corynoides  calycularis,  and  DiceUo- 
grapiiLS  moffat&fisis  (?).  These  lower  zones  contain  some  calcareous 
bands  and  nodules,  which  have  furnished  to  Mrs.  Gray,  Mr.  M'Kie 
of  Knockgerran,  and  to  Professor  Lapworth  the  following  forms : 
Orthoceras  anguUntum,  0,  calamiteum,  0.  jpolitum^  and  Hyalostelia 
girvanense. 

The  shaly  sub-division  is  followed  by  more  flaggy  beds  with 
occasional  bands  of  giit,  and  these  are  in  turn  succeeded  by  iron- 
stained  shales,  yielding  BiceUograptua  Morrisiy  Diplograptus 
rugosiiSf  and  Climacograptv^  bicomis.  Further  down  the 
sti*eam,  massive  green  pebbly  grits  which  form  two  prominent 
waterfalls,  ai*e  associated  witli  dark  shales  and  mudstones, 
including  calcareous  bands  and  nodules.  These  beds  are 
inverted,  having  a  persistent  dip  to  the  south-east,  as  if  plunging 
underneath  the  graptolitic  flagstones  to  the  south.  On  account 
of  the  physical  features  to  which  they  give  rise  they  have  been 
termed  the  Cascade-beds  by  Professor  Lapworth,  who  has 
obtained  from  them  the  following  graptolites,  which  place  the 
horizon  beyond  doubt :  Bicellogra/ptus  Forchhanvmeri,  Laiiograpiiis 
margcuritataSy  Diplograptus  prisUs,  Diplograptvs  foliaceiLS,  Clvmaco- 
graptus  cavdatiLS,  and  Dicranograptus  ramosus  (3b*,  Fig.  114). 

The  members  of  the  Whitehouse  group  extend  down  the 
stream  from  the  lower  waterfall  for  a  distance  of  about  half  a 
mile,  with  a  more  or  less  persistent  dip  iS  the  south-east,  which 
is  due  to  inversion  of  the  beds.  It  is  clear,  however,  that  the 
strata  are  repeated  by  innumei-able  folds,  and  that  the  apparently 
considei-able  thickness  is  entirely  misleading.  The  bed!s  of  the 
lower  sub-division  consist  of  darl^  grey  shales  with  black  seams 
and  occasional  courses  of  greywacke  and  cement-stone.  From 
the  shales  Professor  Lapworth  obtained  the  following  graptolites, 
chai-acteristic  of  the  Pleurograptus  linearis  zone  of  the  Hartfell 
Shales,  which  enabled  him  to  correlate  the  beds  wnth  the  soft 
mudstones  at  the  mouth  of  the  Byne  Hill  Burn  on  the  Ardmillan 
shore  (3c^) : 

Pleurograptus  linearis  (Carr.)  '   Diplograptus  quadrimucronatus 


LeptograptAis  flacddus  (Hall^ 
(Kimacograptus  tubuliferus  (Lapw.) 
Corynaides  calycularvt  (Nich.) 


rHaU.) 
foliaceus  (Murch.) 
trun^xitus  (Lapw.) 


The  members  of  the  upper  sub-division  consist  of  dark  blue- 
green  mudstones,  followed  by  a  few  feet  of  variegated  mud- 
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stones  with  calcareous  bauds,  tlie  latter  yielding  some  of  the 
fossils  which  are  found  on  shore  in  the  beds  of  this  horizon. 

Further  down  the  stream,  a  succession  of  Barren  flagstones, 
shales,  and  mudstones  (3d),  continues  for  a  distance  of  three- 
quarters  of  a  mile.  Tne  strata  are  remarkably  destitute  of 
fossils,  but  near  the  base  of  the  series  certain  green  mudstones, 
south  of  the  foot  of  Laigh  Assel  Bum,  yield  specimens  of 
NematoliUs  Grayi,  Owing  to  inversion,  the  beds  have  the  same 
persistent  dip  to  the  south-east,  as  ^f  they  passed  underneath  the 
representatives  of  the  Whitehouse  group,  but  there  can  be  little 
doubt  that  this  part  of  the  Penwhapple  section  displays  the 
equivalents  of  the  Barren  Flagstone  group  of  Woodland  Bay  on 
the  Ardmillan  shore.  At  a  point  about  a  quarter  of  a  mile  north 
of  Penwhapple  Bridge,  the  Barren  Flagstones  are  truncated  by 
a  reversed  fault  which  brings  them  against  gi-aptolite  shales  of 
Llandovery  age  (Fig.  114,  4b  ^). 

Additional  Exposures  South  of  the  Girvan 
V  a  1 1  e  y. — In  addition  to  the  two  main  sections  of  the  Ardwell, 
Whitehouse,  and  Barren  Flagstone  groups,  now  described,  several 
sections  may  here  be  noticed  where  one  or  more  of  these  sub- 
divisions is  well  displayed  on  the  plateau  south  of  the  Girvan 
valley.  For  our  present  purpose  it  will  be  sufficient  to  state 
generally  the  distribution  of  some  of  these  sub-groups,  referring 
at  the  same  time  to  the  fossiliferous  localities. 

In  the  railway  cuttings  between  Girvan  and  the  valley  of  the 
Stinchar  to  the  north  of  Pinmore,  and  in  various  natural 
exposures  near  Meikle  Letterpin,  the  flagstones  and  shales  of 
the  Ardwell  group  charged  with  their  characteristic  graptolites 
are  well  developed.  Again,  along  the  northern  margin  of  the 
Garadoc  area,  on  the  slopes  of  the  Fauldribban  Hill,  in  the  Pied- 
mont Glen,  on  Trowier  Hill,  and  in  the  various  streams  near 
Tralodden,  representatives  of  the  graptolitic  flagstones  appear. 
At  most  of  these  localftie<s,  in  the  dark  seams  associated  witn  the 
flags,  several  of  the  graptolites  found  in  the  Ardwell  group  are 
obtainable.  In  like  manner  the  beds  of  this  group  can  be  traced 
north-eastwards  from  Knockgerran  to  Dalamford,  where  they 
form  a  narrow  strip,  bounded  on  both  sides  by  Lower  Old  Red 
Sandstone  strata.  At  Dalamford  the  black  shales,  which  are 
there  associated  with  calcareous  grits  and  sandstones,  have 
yielded  to  Professor  Lapwoi-th  Glimacograptus  caiidatus,  IHceUo^ 
grajptuB  Forchharmneri,  Diplograptus  foliacetiSy  B.  rugosus,  Lirigvla, 
&c.,  probably  belonging  to  the  horizon  of  the  cascade-beds  of  the 
Ardwell  group. 

Garadoc  Strata  of  the  Craighead  Inlier. — 
On  the  north  side  of  the  Girvan  valley  Garadoc  strata  not  only 
form  a  large  part  of  the  "inlier"  of  silurian  rocks,  but  possess 
there  a  special  interest  and  importance  from  the  presence  of 
richly  fossiliferous  mudstones  with  trilobites  and  the  starfish 
band  at  the  top  of  the  series  (p.  508).  These  form  the  important 
zones  of  the  highest  group  (Drummuck)  in  the  Garadoc  series 
of  Girvan.     That  the  representatives  of  this  sub-division  have  not 
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been  detected  auywhere  to  the  south  of  the  Girvau  valley, 
probably  points  to  the  conclusion  that  the  original  development 
of  the  Uinunmuck  group  was  comparatively  limited  and  did  not 
extend  southwards  over  the  region  that  now  forms  the  plateau 
between  the  Girvan  and  the  Stinchar. 

In  the  Geological  Map  (Sheet  14,  one-inch),  and  in  the 
Explanation  accompanying  that  sheet,  it  was  shown  by  Sir  A. 
Geikie  that  the  Caradoc  strata  of  the  Craighead  inlier  are 
arranged  in  the  form  of  an  anticline,  which  is  truncated  on  the 
south  side  by  the  great  strike-fault  that  bounds  the  Carboniferous 
strata  of  the  Girvan  valley.  The  trilobite  mudstones  of  Drum- 
muck  and  Lady  Bum  were  regarded  as  the  highest  beds  of 
Caradoc  age  in  that  limited  area,  being  followed  by  the  Mulloch 
Hill  conglomerate  at  the  base  of  the  Llandovery  strata. 

The  subsequent  researches  of  Professor  Lapworth  revealed 
that  the  important  Starfish  horizon  intervenes  between  the 
trilobite  mudstones  of  Lady  Bum  and  the  Mulloch  Hill  conglo- 
merate, and  they  further  showed  that  the  core  of  the  airch  of 
Caradoc  strata  north-east  of  Craighead  is  formed  of  represen- 
tatives of  the  Barren  Flagstone  group.  These  younger  Caradoc 
beds  were  believed  by  Professor  Lapworth  to  be  eveiywhere 
faulted  against  the  older  series  at  Craighead  and  Killochan, 
comprising  the  Arenig  volcanic  rocks,  radiolarian  cherts  and 
mudstones,  and  the  Craighead  Limestone  group. 

The  evidence  regarding  the  distribution  of  the  strata  between 
Craighead  and  Quarrel  Hill  is  to  a  great  extent  concealed  by  the 
covering  of  superficial  deposits.  Indeed,  it  is  confined  mainly  to 
some  exposures  of  rock  near  Blair  and  to  two  streams  that 
traverse  the  southern  limb  of  the  anticline  between  the  farmhouse 
of  Farden  and  Quarrel  Hill.  The  more  easterly  of  these  two 
bums — the  one  west  of  Quarrel  Hill — gives  an  excellent 
transverse  section  of  the  representatives  of  this  group.  Tfear 
the  head  of  the  stream  the  strata,  consisting  of  flagstones  and 
shales  and  yielding  NematolUes  Grayi,  have  an  easterly  dip  on 
the  crest  of  the  arch ;  further  down,  towards  the  little  wood 
above  Auldthoms,  they  are  inclined  to  the  south-east  at  an  angle 
of  70°,  and  are  composed  of  thin-bedded  hard  grey  micaceous 
grits  with  bands  of  shale.  Southwards,  beyond  the  little  wood, 
pale  flagstones  and  mudstones  are  visible,  traversed  by  small 
faults  that  disturb  the  natural  sequence.  Near  a  bend  in  vhe 
burn,  north  of  the  farmhouse  of  Auldthoms,  the  trilobite  mud- 
stones of  the  overlying  Drummock  group  are  exposed,  and  close 
to  the  Carboniferous  boundary  fault  the  Mulloch  Hill  Conglo- 
merate crops  out  at  the  base  of  the  Llandovery  series.  Similar 
evidence  is  obtained  in  the  bum  near  the  farmhouse  of  Farden, 
where  the  Barren  Flagstones  appear  on  the  southern  limb  of  the 
anticline.  Westwards  at  Blair,  however,  the  northern  limb  of 
the  fold  is  reached  for  in  an  old  quarry  near  that  locality  the 
flagstones,  grits,  and  shales  of  this  group  are  exposed  with  a 
northerly  dip. 
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V.  Thrurrmmck  Group. 

The  members  of  this  important  group  can  be  traced  more  or 
less  continuously  as  a  narrow  band  round  the  outer  margin  of 
the  ai'ch  of  Caradoc  I'ocks,  from  Drummuck  on  the  northern 
limb  of  the  fold  eastwards  along  the  course  of  Lady  Bum,  south- 
wards round  the  slopes  of  Quan*el  Hill,  and  westwards  towards 
Auldthorns.  The  lowest  beds  consist  of  pebbly  grits,  sandstones, 
olive  mudstones,  and  shales.  They  are  exposed  on  a  crag  on  the 
crest  of  Quarrel  Hill,  where  they  dip  to  the  east  at  an  angle  of 
30°.  In  the  bum  section  to  the  west,  as  already  indicated,  these 
basal  grits  ai*e  underlain  by  the  Barren  Flagstones,  while  in  the 
streamlets  that  drain  the  eastern  slope  of  Quarrel  Hill  they  are 
seen  to  be  succeeded  by  the  trilobite  mudstones.  The  most 
impoi-tant  feature  of  the  group,  however,  is  the  succession  of  blue 
and  grey  mudstones,  which  nave  become  widely  known  owing 
to  the  abundance  and  perfect  preservation  of  their  trilobite  fauna. 
Weathering  with  a  yellow  or  rusty  colour,  and  possessing  a 
marked  concretionary  or  nodular  structure,  they  break  under 
the  hammer  into  angular  fragments.  They  are  exposed  at  in- 
tervals along  the  course  of  the  Lady  Bum  for  about  a  mile  east 
of  Drummuck  Fai*mhouse,  where  their  general  inclination  is  to 
the  north  and  north-west  at  angles  varying  from  20**  to  30®.  One 
of  the  highly  fossiliferous  localities  occurs  on  the  banks  of  the 
stream  opposite  the  farmhouse  of  South  Threave,  where  Mrs. 
Gray  collected  the  zonal  graptolite  Dicdloqraptus  ancepsj  in 
association  with  the  trilobites.  The  subjoined  'list  of  fossils 
gives  the  forms  in  the  collection  of  the  Geological  Survey. 


Diplograptus  truncatus  (Lapw.) 
Serpulites  longissiriMis  (March.) 
Ampyx  rostrattLs  (Sars.) 
Oalymene  Blumenbachi  (Brong.) 

„         tubercuLoaa  (Sklt.^ 
Cheirwrus  damfrons  (Dalm.) 

,,         himucroiMitus  (Murch.) 
Cyhde  rugosa  (Portl.) 
Dindymene  Cdrdai  (Eth.  &  Nich.) 
Dianide  Lapwortki  (Eth.  &  Nich.) 
TUanus  (Bimiastus)  Botomani  (Salt.) 

,,       nexUis  (Salt.) 
Lichas  Oeikiei  (Eth.  &  Nich.) 
Phacops  (Accufte)  Brang^iiarti  (Portl.) 
Proetus  girvanensia  (Eth.  &  Nich.) 

, ,       latifrona  (M  *Coy . ) 

,,      procerus  (Eth.  &  Nich.) 
Staurocephaltis  globiceps  (Porbl.) 
Trin/udeua  Bucklcmdi  (Barr.) 
f,         seticomis  (His.) 
,,  sp. 

Discina  oblongotta  (Portl.) 
Lfpt<jena  sericea  (Sow.) 

,,        (Plectambonites)  tra/naver- 

aalis  (Wahl.) 
lAngula  attenuaia  (Sow.) 

„       ovata  (M*Coy.) 


lArujula  sp. 

Merista  cymbnla  (Da v.) 

Orthis  (DalmaneUa)  elegarUula 

(Dalm.) 
, ,      (Dinorthis)flah€Uulum  (Sow. ) 
,,      rtistica  var.  rigida  (Dav.) 
Spirifera  crispa  (His.) 
Uterutdonta  sp. 
Orthonota  sp. 
BeUerophon  acutus  (Sow.) 

expansus  (Sow.) 
bilobat'us  (Sow.) 
carinatus  (Sow.) 
dilatatua  (Sow.) 
perturhcUus  (Sow.) 
trilobatvs  (Siyw,) 
HolopeUa  ohsoleta  (Sow.) 
Loxonema  sinuoaum  (Sow.) 

„        sp. 
Maclurea  Logani  (Salt.)  (young  of.) 
MurcMsonia  pulch/ra  (M'Coy.) 

,,  sp. 

Pleurotomaria  (eguilatera  (Wahl.) 

alata  (Wahl.) 
(Rapkistoma)  lenticu- 
laris  (Sow.) 
turrita  (Portl.) 


>j 


»» 


»> 


>> 


i> 


>» 


»» 


i» 
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Plettrotomaria  sp. 

Tryblidium  (Metoptoma)  sp. 

Convlaria  eUmgcUa  (Portl.) 

Hyclithes  (Theca)  corrugata  (Salt.) 
,,  ,,       triangularis  (Portl.) 

,,  ,,       vaginxdtta  (Salt.) 


Hyolithes  sp. 

Orthoceras  argus  (Barr.) 

pendens  (Blake.) 
polittim  (M*Coy.) 
sp. 


i» 


»» 


»* 


In  addition  to  the  species  collected  by  the  Survey,  the  follow- 
ing species  have  been  obtained  by  Mrs.  Gray. 


DiceUograptus  anceps  (Nich.) 
IHplograptus  sp. 
Beyrichia  comma  (Jones.) 

KUedeni  (M*Coy.) 
Solenocaris  solenoides  (Young.) 
TurrUepaa  sp. 
Dionide  sp. 

LicKas  laxaius  (M*Ooy.) 
PhiUipsia-  paixjihcla  (Barr.) 
Orania  sp. 

Orthis  muUockiensis  (Dav.) 
Paterula  baldetchiensis  (Dav.) 
Strophomena  grandis  (Sow.) 

, ,  rhomhoiaalis  (Wilck. ) 

Acroculia  {PkUycercu)haliotis  (Sow.) 
BeUerophon  argo  (Bill.) 

elongatus  (Portl.)  =  WZo- 
hatus  (Sow.) 

subdecussatAis  (M *Coy . ) 

Urei  (Flem.) 


»j 


>» 


Chelodes  (Helminthochitoji)  Grayi 

(Woodw.) 
Enomphalus  sp. 
Holopea  lymnctoides  (Forbes.) 
Loxanema  elegans  (M'Ooy.) 
Murchisonia  ohscura  (Portl.) 

?ph4leta  compacia  (Salt.) 
latyschisfma  helicites  (Sow.) 
Baphistoma  planistria  var.  parva 

(Hall.) 
Can/ularia  hilineata  (Lindst.) 
Hyolithes  (Theea)  acutiis  (Eichw.) 
,,  ,,       elegans  (Barr.) 

,.        reverstis  (Portl.) 
Pterotheca  sp. 

Endoceras  proteiforme  var.  strangu- 

latum  (Hall.) 
Ofihoceras  angulatum  (Wahl.) 
,,         ludense  ^ow.) 
,,         vagans  (Salt.) 


The  highly  fossiliferous  trilobite  mudstones  of  Drummuck  are 
succeeded  near  the  head  of  Lady  Bum  by  the  Starfish  beds,  the 
position  of  which  has  been  defined  by  Professor  Lapworth  and 
Mrs.  Gray.  The  following  description  of  the  Starfish  strata  and 
of  their  outcrop  in  the  field  is  given  by  Professor  Lapworth. 
"  Near  the  head  of  the  Lady  Burn,  we  find  the  purple  Mul- 
loch  Hill  Conglomerate  crossing  the  little  stream  valley  almost 
at  right  angles  to  the  course  of  the  bum.  Over  this  intractable 
rock  the  waters  of  the  stream  leap  in  a  small  waterfall,  at  the 
base  of  which  the  highest  known  strata  of  the  Triniuleus  or 
Drummuck  beds  are  seen,  dipping  steadily  and  conformably 
underneath  the  conglomerate  at  an  angle  of  about  40°.  They 
are  soft,  blue  mudstones,  homogeneous,  thick-bedded,  and  more 
or  less  concretionary  in  stmcture,  breaking  up  under  the  ham- 
mer into  irregular  and  crumbling  fragments.  Exteriorly  they 
are  stained  with  rusty  oxide  of  iron ;  interiorly  they  are  pierced 
by  frequent  inosculating  worm  burrows,  stained  of  a  dingy  red. 
Fossils  are  very  rare ;  only  an  occasional  brachiopod  is  dis- 
cernible. 

"At  their  base,  however,  they  contain  a  fossiliferous  band, 
the  abundant  organic  remains  of  which  fully  compensate  for  the 
barren  nature  of  the  beds  above.  Fragments  of  this  fossili- 
ferous band  are  exposed  in  an  old  quarry  opened  for  procuring 
materials  for  the  neighbouring  stone  wall^,  in  which  an  occa- 
sional slab  from  the  fossil  seam  may  even  yet  be  detected.    The 


A 
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bed  itself  is  a  hard,  greenish-prey  sandstone,  a  few  inches  in 
thickness,  and  highly  calcareous.  It  is  almost  made  up  of  fossil 
remains,  many  being  in  an  excellent  state  of  preservation."  • 

The  fossils  given  in  the  annexed  list  have  been  obtained  by 
Mrs.  Gray  from  this  locality : 


Diploffraptiia  sp. 
Halyntes  catenvlarna  (Linn.) 
Protocystites  sp. 
„  sp. 

Glyptocrinus  sp. 

Tetrcutter  Wyville-Tfuymsoni  (Nich.  & 

Eth.) 
,,        sp. 
Solenocaris  solenoidea  (Young.) 

,,         sp. 
Ampyx  rostratus  (Sars.) 
Asaphvs  marginalis  (Portl.) 
Calymene  Blumenhachi  (Brong.) 
PhiUipaia  paxahcla  (Barr.) 
Staurocephahis  globicepa 

gVyv.-Thom.) 
arr.) 
Orania  sp. 
Leptana  aericea  (Sow.) 

,,        tranaverscdis  (Dalm.) 
Mertata  eymbtda  (Dav.) 


j» 


»» 


9f 


a 


i» 


>» 


Orthis  ActanicB  (Sow.) 

criapa  (M*Coy.) 

( Dinorthia)  flabeUvlum  (Sow.) 

mullockienaia  (Dav.) 

Rankini  (Dav.) 

aowerhyana  (Dav.) 

sp. 
Patervla  balcletcihienais  (Dav.) 
Bh'ifncKonella  sp. 
Skenidium  Grmji  (Dav.) 
Strophomena  (Lej)tffnn)  rh4)mhoidalia 

(Wilck.) 
Tripleaia  spiriferoidea  (M*Coy.) 
Ctenodonta  Eastnori  (Murch.) 
Orthonota  prora  (Salt.) 
Pterinea  Sowerhyi  (M*Coy.) 
Bdlerophon  hilobatua  (Sow.) 
Gonvlaria  bilineata  (Lindst.) 
Oyrtoceraa  victor  (Barr.) 
Orthocercta  imbricatum  (Wahl.) 


*  Quart.  Jour.  Gool.  Soc.,  vol.  xxxviii.,  p.  619, 
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CHAPTEK  XXn. 
THE  GIRVAN  DISTRICT— con^mt^^A 


UPPER   SILURIAN. 

The  sedimentary  and  igneous  rocks  which  have  been  discussed 
in  the  three  preceding  chapters  belong  to  the  Lower  Silurian 
division  of  the  geological  scale.  But  they  do  not  exhaust  the 
varied  geological  history  of  the  Girvan  region  during  Silurian 
time.  This  interesting^'area  includes  also  representatives  of  the 
Upper  Silurian  rocks/^  which,  though  palsDontologically  identi- 
fiable with  the  Upper  Silurian  formations  of  the  rest  of  Scotland, 
nevertheless  present  many  points  of  difEerence,  which  serve  to 
indicate  that  the  local  peculiarities  of  sedimentation  which 
characterised  the  older  part  of  the  Silurian  period  in  the  south 
of  Ayrshire,  were  prolonged  also  into  the  later  part. 

Llandovery. 

The  series  of  rocks  now  to  be  described  occurs  in  certain 
isolated  areas  to  the  north  and  south  of  the  Girvan  valley,  (1) 
in  the  Craighead  inlier,  (2)  in  a  narrow  belt  on  the  south  side 
of  the  Girvan  valley  extending  alonff  the  northern  margin  of 
the  Silurian  plateau  from  Saugh  Hill  by  Camregan  to  the  slopes 
of  Hadyard  Hill,  (3)  on  the  shore  at  Craigskelly  and  Woodland 
south  01  Girvan.  These  strata  are  the  stratigraphical  equivalents 
of  the  Birkhill  Shales  of  the  Moffat  region,  which  are  here 
represented  by  conglomerates,  shelly  sandstones,  limestones,  and 
shales,  in  which  some  of  the  Birkhill  graptolite  zones  occur. 
The  following  sub-divisions,  in  descending  order,  have  been 
established  by  Professor  Lapworth  in  what  he  has  termed  the 
Newlands  series  of  Girvan. 


r 


c,  Camres;an  Group. 


I 


J 


6.  Saugh  Hill  Group.   ^ 


a.  MuUoch  Hill  Group. 


3.  Bastrites  vMiacimus  shales. 
2.  Camregan  limestone. 
,1.  Bhjnchonella  grits. 
^3.  Monograptus  spinigerus  shales. 
2.  Saugh  Hill  sandstones  and  grits. 
1."  Woodland  Beds,  comprising  : — 

On  the  south  side  of  the  Girvan  valley — 
c.  DiplograpUis    modestus  and  Moru}- 

graptus  gregarius  shales. 
b.  Woodland  limestone, 
a.  Craigskelly  conglomerate. 
In  the  Craighead  inlier — 

h.  Monograptus  gregarius  shales  (Glen- 

shalloch). 
a.  FentavMTUs  grits  (Newlands). 
'3.  Glenwells  shales. 
2.  MuUoch  Hill  sandstone. 
1,  Mulloch  Hill  conglomerate. 
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Crai/fhead  Tnlier, 

MuUoch  Hill  Conglomerate. — Of  the  lowest  sub- 
division of  the  Llandovery  series,  the  various  members  of  the 
Mulloch  Hill  group  are  typically  developed  in  the  Craighead 
inlier,  where  the  order  of  succession  is  admirably  clear.  At  the 
base  comes  a  coarse  conglomerate  with  well-rounded  pebbles 
composed  of  Arenig  volcanic  and  plutonic  rocks,  radiolarian  chert, 
quartzite,  quartz,  and  other  materials.  The  lithological  characters 
of  the  pebbles  closely  resemble  those  of  the  blocks  in  the  Benan 
Conglomerate.  The  matrix,  however,  is  sandy  and  of  a  dull 
purple  colour,  differing  in  these  particulars  from  the  charac- 
teristic matrix  of  the  Benan  Conglomerate.  The  north  limb 
of  the  anticline  on  Quarrel  Hill  dips  northwards  at  an  angle  of 
15*,  but,  round  the  eastern  and  southern  slopes  of  that  eminence, 
the  outcrop  of  the  conglomerate  is  shifted  by  faults  and  is 
inclined  to  the  south-east  at  high  angles.  From  Quarrel  Hill 
it  can  be  followed  westwards  along  the  northern  margin  of  the 
underlying  trilobite  mudstones  to  Drummuck  and  the  stream 
near  Kippery.  As  already  indicated,  various  exposures  of  con- 
glomerate are  visible  near  Trochraigue,  but  from  the  presence  of 
certain  graptolites  in  shales  embedded  in  it,  that  special  deposit 
would  seem  to  be  partly  if  not  wholly  of  Caradoc  age.  The 
fossils  obtained  by  Professor  Lapworth  from  the  basal  Llandovery 
conglomerate  on  Quarrel  Hill  "  are  principally  Brachiopoda  of  the 
genera  RhynchoneUa,  Orihis,  Leptcena,  and  Sirophomenaj 
identical  in  species  with  those  we  shall  find  to  be  characteristic 
of  the  overlying  Mulloch  Hill  sandstones,  and  generally  distinct, 
considered  as  a  group,  from  those  that  mark  the  immediately 
subjacent  Drummuck  mudstones.  Indeed  the  distinction  in 
physical  features  and  in  fossils  between  the  soft  Drummuck 
mudstones,  with  their  abundant  examples  of  Trinudeits,  Asaphus, 
Dionide,  Ampyx,  and  hosts  of  BellerophoUy  Ac.,  and  these  over- 
lying brachiopod-sandstones  is  most  striking,  and  we  find  here 
the  grandest  palseontological  break  in  the  entire  Girvan  succes- 
sion. None  of  the  genera  enumerated  above  as  characteristic  of 
the  Ardmillan  group  have  ever  yet  been  certainly  met  with 
above  the  base  of  tnis  conglomerate ;  while  the  most  charac- 
teristic species  and  genera  of  Trilobita,  Brachiopoda,  and 
Graptolithina  of  the  overlying  beds  are  equally  absent  from  the 
Ardmillan  series"  (Quart.  Jour.  Geol.  Soc,  vol.  XXXVIII.,  p.  622). 

Mulloch  Hill  Sandstones. — Overlying  the  basal 
conglomerate  an  interesting  sequence  of  highly  fossiliferous 
sandstones,  typically  developed  on  Kirk  or  Miilloch  Hill,  is 
exposed  in  a  series  of  old  quarries  by  the  side  of  the  road  that 
leads  from  North  Threave  to  High  Newlands.  These  strata  dip 
towards  the  north  or  north-east  at  angles  varying  from  20°  to  25*. 
They  present  distinctive  lithological  characters;  they  are  soft 
and  have  a  green  tint,  which  on  weathered  surfaces  becomes 

f)urple  or  brown,  and  they  like"^'-     break  up  into  flaggy  masses 
ike  tile^stones.     They  pass   U|         ^s   into   yellow   sandstones, 
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followed  by  yellow- tinted  mudstones  which  are  seen  in  a  small 
bum  about  400  yards  south  of  the  farmhouse  of  High  Newlands 
and  yield  a  few  orachiopods  and  species  of  Ptilograptus. 

The  fossils  given  in  the  subjoined  list  have  been  collected  by 
the  Geological  Survey  from  the  various  quarries  on  Kirk  or 
MuUoch  Hill : 


Ntdulites  favus  (Salt.) 

Favoaites  muUockierms  (Nich.  &  Eth.) 

Heliclites  interstinctus  (Wahl.) 

,,        tubulatus  (Lonsd.) 
Petraia  nibdupUcata  (M*Coy.) 

, ,      elongata.  (Phill. ) 
Pinctcopora  Qrayi  (Nich.  &  Eth.) 
Streptdcuma  (Petraia)  oiquisulcatum 

(M»Coy.) 
FenesteUa  sp. 
PtUodictya  sp. 

Calymene  Blummbachi  (Brong.) 
Encrinurua  punctai/as  (Bran.) 
lUanus  (Bumastua)  Bowmani  (Salt.' 

,,  „       MaccaUumi  (Salt. 

,,       (Dysplanuii)  Thomsoni  (Salt.^ 
Phacops  Stohesi  (M.  Edw.) 

„       sp. 
Atrypa  (Leptocodia)  hemiapherica 

(Sow.) 

,,       reticularia  (Linn.) 
Leptcena  (Chriatiania)  tenuicincta 

(M*Coy.) 
MeriateUa  anguatifrona  (M*Coy.) 


»» 


»» 


>» 


»> 


>» 


Orthia  caUigramma  (Dalm.) 
confinia  (Salt.) 
(DalmaneUa)  dega/ntvla 

(Dalm.) 
midlockienaia  (Dav.) 
ruatica  (Salt.) 
aagittifera  (M*Coy.) 
Pentameraa  undatua  (Sow.) 
Bhynt^uyiidla  cuneata  (Dalm.) 

,,  Uandoveriana  (Dalm.) 

Strophomena  applanata  (Salt.) 
compreaaa  (Sow.) 
(Bc^neaquina)  eoepa/naa 

(Sow.) 
pecten  (Linn.) 
{LeptcRTUi)  rhombaidalia 

(Wilck.) 
sp. 
Ctenodonta  sp. 
BeUerophon  jdatigiatua  (Lindst.) 
Holopella  obaoleta  (Sow.) 

,,        tenuicincta  (M*Coy.) 
Ckmularia  Souoerhyi  (Defr.) 
Orthoceraa  sp. 


»» 


»> 


»i 


>> 


>» 


Mrs.  Gray  has  obtained  the  following  additional  species  from 
the  quarries  by  the  roadside  on  MuUoch  Hill : 


Diplograptua  sp. 
Halyaitea  coitenularia  (Linn.) 
Heliolitea paraaitica  (Nich.  &  Eth.) 
Olypt'Ocrinua  sp. 
PtUodictya  coddlata  (M*Coy.) 
Betepora  sp. 
Acidaapia  sp. 

Encrinurua  punct-atua  var.  arenaceua 

(Salt.) 
Lichaa  ambigua  (Barr.) 
,,      palmata  (Barr.) 
Phacopa  (AcaMe)  Dotvningce  (Murch.) 
Proetua  sp. 

Stawrocephalua  unicua  (Portl.) 
Atrypa  acotica  (M*Coy.^ 
Orania  ailuriana  (Dav.) 
Dinobolua  Davidaoni  (Salt.) 
Leptcena  aericea  (Sow.) 
Bhynchonella  decempliccUa  (Sow.) 
Strophomena  antiquata  (Sow.) 
Ambonychia  orhicvlaria  (Conr.) 
Ctenodonta  sp. 
Orthonota  aemiacvlata  (Sow.) 

,,         vmdata  (Sow.) 
Palaarca  modiolaria  (Salt.) 

, ,        quadrata  (Salt. ) 


»» 


»» 


»» 


)f 


Pleurorhynchua  priatia  (Salt.) 

Acrocvlia  (Platyceraa)  sp. 

BeUerophon  ddatatua  (Sow.) 
eocpanaua  (Sow.) 
aqtiomoaua  (Lindst.) 
aub-decuaaatua  (M*Coy.) 
werUockenaia  (Sow.) 

Euiymphcdua  granxUatua  (Portl.) 
,,  sp. 

Mwchiaonia  canceUata  (M*Coy.) 

Orioatoma  (Euomphalua)  angutatv/m 

(Lindst.) 

Pleurotomaria  clcmatrata  (Lindst.) 

Trochonema  sp. 

Trochua  Moorei  (M*Coy.) 

ConuUma  bilineata  (Lindst.) 

Hyolithea  (Theca)  sp. 

Oyrtoceraa  annulatum  (Hall.) 

Oncoceraa  sp. 

Orthoceraa  angulatum  (Wahl.) 
,,         irnhricatum  (Wahl.) 
,,         t^nuicinctum  (Portl.) 

Phragmoceraa  arcuatum  (Sow.) 

Troeholitea  (Lituitea)  comu-arietia 

(Sow.) 

2k 
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The  shelly  sandstones  of  Mulloch  Hill  are  likewise  well  dis- 
played in  an  old  quarry  in  a  wood  about  160  yards  west  of  the 
farmhouse  of  Rough  iNeuk,  and  400  yards  north-east  of  High 
Maips  Farmhouse,  where  they  dip  to  the  east  at  an  angle  of  40^ 
and  fold  round  the  anticline  of  Quarrel  Hill.  They  have  here 
furnished  to  the  Geological  Survey  the  fossils  given  in  the 
annexed  list: 


NiduUtes  favus  (Salt.) 
Dictyonema  sociah  (Salt.) 
Aulocophyllum  mitratum  (His.) 
Favoaites  cuptr  (D*Orb.) 

,,        gothlandicus  (Fongt.) 

„        ap. 
Hdiolitea  interstinctus  (Wahl.) 

, ,        tubvlatus  (Lonsd . ) 
Palaocydua  sp. 
Petraia  hina  (Lonsd.) 

,,       doncfata  (PhiU.) 
Ptdodictya  costellata  (M^Coy.) 

„  sp. 

Olyptocri'Mis  hcualis  (M'Coy.) 
Ckdymene  BlunMnbachi  (Brong.) 
Atrypa  reticularis  (Linn.) 


Leptcena  (Christiania)  tenxiicinda 

(M»Coy.) 
Leptoccdia  {Atrypa)  htini»pherica 

(Sow.) 
Meristdla  angustifrons  (M*Coy.) 
Orthis  calligramma  (Dalm.) 

,,      reveraa  (Salt.) 
Rkynchondla  llandaveriana  (Dav.) 
Orthovwta  simplex  (Portl.) 
Pterinea  hyans  (M*Coy.) 
Bdleropkon  dilatatus  (Sow.) 
MacrocheUus  dongatus  (Pom.) 
Murchisania  cancdlata  (Sow.) 
, ,  dongata  (Portl . ) 

Gomphoceras  sp. 


The  following  additional  species  have  lieen  obtained  by  Mrs. 
Gray  from  the  Kough  Neuk  Quarry. 


Hdiolites  parasitica  (Nich.  &  Eth.) 
Piymcopara  Orayi  (Nich.  &  Eth.) 
Streptelasma  (Petraia)  (fqui^ulcuttnn 

(M^Coy.) 
Tent<iculites  arujlic-us  (Salt.) 
Fenestella  sp. 
Betepora  sp. 

Encrinurus  piinctuttis  var.  areyiaceus 

(Salt.) 
lUcentis  (Dysplanus)  Thonufoni  (Salt.) 
Lichas  an^higua  ^Barr.) 
„      palmata  (Barr.) 
Pkacops  (Acaste)  Dotcminga  (Murch.) 
StaurocephaLus  unicus  (Portl.) 
Crania  siluriaiia  (Dav.) 
Dinobolus  Davidsoni  (Salt.) 
Leptana  sericea  (Sow.) 
lAngvla  avata  (M*Coy.) 
Orhicidoidea  Fvrbesi  (Dav.) 
Orthis  (Dalmanella)  elegantula 

(Dalm.) 
muUockiensis  (Dav.) 
rustica  (Sow.) 
saxjittifen^a  (M*Coy.) 
Bhynchonella  cxineata.  (Salt.) 
Strophomena  antiquata  (Sow.) 

,,  {Rajinesquina  expansa 

(Sow.) 


»» 


»» 


»» 


Strophomena  (Leptcena)  rhonf^xndalis 

(Wilck.) 

Ambonychia  (orbicularis  (Conr.) 

Ctenodonta  sp. 

Orthovwta  semisulcuta  (Sow.) 
,,        undata  (Sow.) 

PaUparca  tnodiolaris  (Salt.) 
y ,         quadrata  (Salt. ) 

Pleurorhynchus  pristis  (Salt. ) 

Bdlenrphon  dilatatus  (Sow.) 

,,  subdecussattut  (M*Coy.) 

,,  u^nlockensis  (Sow.) 

Euomphalus  granulatus  (Portl. ) 

Holapdla  obsoleta  (Sow.) 

, ,         tenuicinct-a  (M  *Coy . ) 

Murchisania  cancellatu  (M*Coy.) 

Oriostoma  angukUum  (Lindst.) 

Pleurotomaria  doAistrata  (Lindst.) 

Trochoneina  sp. 

Trochus  Moorei  (M'Coy.) 

Conularia  }nlin^at<z  (Lindst.) 

Hyolithes  sp. 

Oyrt'Oceras  annxdatxim  (Hall.) 

Orthoceras  hnbncatum  (Wahl.) 
,y         tenuicinctum  (Portl.) 

Phragmoceras  arcuatum  (Sow.) 

Trocholites  (Lituites)  cornu-aridis 

(Sow.) 


From  Eou^h  Xeuk  the  shelly  sandstones  can  be  traced  westr- 
wards  along  tne  south  limb  of  the  arch  in  the  direction  of  Auld- 
thoms,  where  they  yield  in  abundance  the  fossils  of  this  horizon. 
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Glen  wells  Shale  s. — The  strata  following  next  in  order 
— ^the  Glenwells  Shales — ^are  seen  to  advantage  in  the  Glenwells 
Bum,  which,  rising  on  the  east  slope  of  Kirk  or  MuUoch  Hill, 
enters  the  Carboniferous  basin  at  the  cottage  of  Glenwells, 
half  a  mile  east  of  High  Mains  Farmhouse.  Owing  to  the 
covering  of  superficial  deposits  the  section  in.  this  stream  is  not 
continuous,  but  there  can  be  no  doubt  of  the  super-position  of 
these  shales  to  the  Eough  Neuk  Sandstones,  for  near  the  head 
of  the  bum  shelly  sandstones  belonging  to  the  latter  horizon  are 
visible,  and  can  be  traced  more  or  less  continuously  round  the 
slope  towards  Rough  Neuk  Quarry.  Further  down  the  stream, 
below  a  blank  in  the  section,  green  and  blue  mudstones,  which 
dip  towards  the  E.S.E.  at  an  angle  of  40°,  are  exposed  in  the  bed 
of  the  bum  for  some  distance.  They  have  a  distinct  concretion- 
ary or  nodular  structure,  and  break  with  a  conchoidal  fracture. 
Fossils  are  not  readily  found  in  them,  but  certain  striped  shales 
in  them  yield  a  few  graptolites,  which  are  valuable  in  defining 
the  horizon  relatively  to  the  Moffat  sequence.  Professor 
Lapworth  here  obtained  Biplograptvs  acumirmtus,  Climacogi'aptus 
scalariSf  and  Monograptus  tenuis  (?),  while  the  following  forms 
were  collected  by  the  Geological  Survey :  Glimacograptus  normalis, 
Diplograptiis,  Avicula  Danbyi,  and  Orthoceras. 

Saugh  Hill  Group  (Craighead  Inlier). — The 
relations  of  the  graptolitic  mudstones  last  mentioned  to  the 
succeeding  strata  are  not  visible,  owing  to  a  concealed  space  of 
nearly  fifty  yards,  beyond  which,  above  the  cottage  of  Glenwells,  a 
group  of  strata  appears,  on  the  horizon  of  the  PentamenLS-grits  of 
Newlands. 
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Fig.  115. — Section  across  Quarrel  Hill  and  Rough  Neuk  from  Thunderton 

Hall  to  Glenshalloch. 


4  b.  Saugh  Hill  Group 


'  3.  Glenshalloch  shales  (Manograptua  gregarius-ioney 
2.  Pentamerus  gnta, 
.  1.  Pale  shale  with  Diplograptus  acuminatus. 


r3.  PtHograptus  shales. 
►12. 


4a.  Mulloch  Hill  Groupi  2.  Mulloch  Hill  sandstone. 

vl.  Mulloch  Hill  conglomerate. 
3f.  Starfish  bed.      3e.  Drummuck  mudstones.      3d.  Barren  flagstones. 

In  the  extreme  north-east  comer  of  the  Craighead  inlier, 
where  the  Llandovery  strata  disappear  under  the  covering  of 
Lower   Old   Red   Sandstone  to   the   north,  and  where  they  are 
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truncated  by  the  powerful  fault  at  the  margin  of  the  Carboni- 
ferous rocks  of  the  Girvan  valley,  two  subdivisions  are 
developed,  viz. :  the  Pentamerus-griis  of  Newlands  and  the 
graptolite  shales  of  Glenshalloch.  These  shales  belong  to  the 
horizon  of  the  Monograptus  gregarius  zone  of  the  Birkhill  Shales 
of  the  Moffat  region.  Unfortunately,  no  continuous  section 
shows  their  relations  to  the  Mulloch  Hill  Sandstones  and  Glen- 
wells  Shales,  but  though  their  relative  position  can  only  be 
determined  by  means  of  isolated  exposures,  it  is  clear  that  they 
form  the  outermost  and  highest  zones  of  the  Llandovery  series  in 
the  Craighead  inlier. 

Pentamerus-Grits  of  Xewlands. — The  lowest 
visible  beds  are  met  with  in  the  Glenwells  Bum  a  few  yards 
above  the  cottage,  where  they  consist  of  pale  yellow  sandstones 
and  flags  with  bands  of  conglomerate.  The  sandstones  are  more 
or  less  calcareous,  and  alternate  with  pebbly  or  conglomeratic 
beds.  Northwards  from  this  locality,  along  the  strike,  these 
strata  appear  close  to  the  farmhouse  of  Newlands,  where 
grey  grit  is  seen  in  the  bum  west  of  the  house,  and  yellow  sand- 
stones further  down  the  stream.  The  best  exposure  of  fossili- 
ferous  bands,  however,  is  to  be  found  in  the  streamlet  in  a  narrow 
belt  of  plantation  about  250  yards  north-east  of  Newlands,  where 
pale  yellow  sandstones  and  calcareous  flags  appear  immediately 
to  the  east  of  an  old  quarry.  Here  fossils  occur  in  considerable 
abundance,  and  the  following  forms  have  been  collected  by  the 
Geological  Survey: 


Calymene  Blvmenbadii  (Brong.) 
Cheirurus  him'U4ir(matus  (Murch.) 
Orthis  (Dinorthis)  flubellulum  (Sow.) 
Pentamerus  oblongus  (Sow.) 


Pentamerus  undatus  (Sow. ) 
Fhynchon^Ua  horealis  ?  (Schl.) 
Stricklandinia  lens  (Sow.) 
Holopea  concinna  (M'Coy.) 


In  addition  to  the  foregoing  forms,  Mrs.  Gray  has  obtained 
from  the  Pentamerus  beds  at  Newlands  the  fossils  enumerated 
in  the  annexed  list: 


Ischadites  sp. 

Halysttes  cat^nularia  (Linn.) 
Pinacopora  Grmji  (Nich.  &  Eth.) 
GlypUxyrinus  sp. 
Fenedella  sp. 
TurrOepaa  sp. 
Ol/there  sp. 
Acidaspis  sp. 

Bronteiis  Andersoni  (Nich.  &  Eth.) 
Encrinurus  punctatus  var.  arenaceus 

(Salt.) 
Lichas  atnbigua  (Barr.) 
Phacops  Stoked  (M.  Edw.) 
Stmirocephalus  globiceps 

(Wyv. -Thorn.) 
Orthis  sowerbyana  (Dav.) 
Crania  llandoveriana  (Dav.) 


Crania  (Pholidops)  implicata  (Sow.) 

Bhynchnn^lla  sp. 

Strophomena  applanata  (Salt.) 
, ,  corrugat-ella  (Dav. ) 

,,  pecten  (Linn.) 

,,  (Leptcena)  rhomhoidalis 

(Wilck.) 

Orthonota  undoita  (Sow.) 

Bellerophon  sp. 

Cifrtolites  euryomphalus  (Lindst.) 

Pleurotomaria  (Aiiomphtdiis)  qiuxl- 

t^riaia  (Schl.) 

Metoptoma  sp. 

Platyceras  comutum  (His.) 

Pterotheca  sp. 

Oncoceras  sp. 

Orthocera^  ang^datum  (Wahl.) 
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Olenshalloch  Shales. — In  the  streams  to  the  south- 
east of  Newlands  Farmhouse,  near  the  old  ruins  of  Glenshal- 
loch,  the  highest  Llandovery  strata  of  the  Craighead  inlier 
have  yielded  an  assemblage  of  graptolites  characteristic  of  the 
Monograptus  gregarius  zone.  Perhaps  the  best  section  is  that 
exposed  in  the  west  branch  of  the  Baldrennan  Bum,  that  enters 
the  Carboniferous  basin  near  Pathhead,  where  the  rocks  occupy 
the  stream  course  for  a  space  of  150  yards.  The  lowest  visible 
beds  consist  of  flagstones  which  pass  upwards  into  flaggy  grey 
shales,  while  at  the  lower  or  east  end  of  the  section  black  and 
grey  striped  shales  appear.  The  strata  dip  at  a  high  angle  to 
the  south-east,  but  are  sometimes  vertical  and  highly  folded. 
The  black  seams  yield  graptolites  sparingly ;  the  forms  given  in 
the  following  list  have  been  collected  from  this  locality  by  the 
Geological  Survey: 

Climacograptus  TiomuUis  (Lapw.)  Monograptus  tenuis  (Portl.) 


Diplograptua  tamariscus  (Nich.) 
Fetalograptus  folium  (His.) 
Monograptus  attenuatus  (ELojpk.) 
„  gregarius  (Lapw.) 


Bastrites  peregrinus  (Barr.) 
Betiolites  sp. 
Pterinea  ten/uistriata  (M*Coy.) 
Orthoceras  politum  (M*Coy.) 


From  these  striped  shales  Professor  Lapworth  obtained  the 
following  additional  graptolites:  Monograptus  argutusy  M.  crenv/- 
lariSy  M.  fimtrriatiLS,  and  M.  leptotheca. 

The  evidence  adduced  in  the  foregoing  paragraphs  regarding 
the  sequence  of  Llandovery  strata  in  the  Craighead  inlier  may 
thus  be  tabulated  in  descending  order: 


Sauch  Hill    f  ^'  ^*'^P®d  shales  of  Baldrennan  and  Olenshalloch  {Mono- 
Qtouv         \  graptus  gregaHus  zone). 

^'         tl.  Pentamerus  grits  and  sandstones  of  Newlands. 

(3.  Glenwells  niudstones  and  shales  (Diplograptus  acuminatus 
zone). 
2.  Shelly  sandstones  of  MuUoch  Hill  and  Rough  Neuk. 
1.  Mulloch  Hill  conglomerate. 

DlMrict  of  Penu-happle  Ole7i,  Saugh  Hilly  and  Ca/mregan, 

The  sequence  and  physical  relations  of  the  Llandovery  strata 
on  the  south  side  of  tne  Girvan  valley  present  serious  difficulties 
to  the  investigator,  owing  to  the  prevalence  of  inverted  folding 
and  the  existence  of  strike  faults.  Indeed  the  persistent  isoclinal 
folding  of  the  Llandovery  grits  and  shales  on  Saugh  Hill  and  in 
Penwhapple  Glen,  whereby  these  beds  appear  to  dip  beneath  the 
Barren  Flagstones  and  Ardwell  beds  lying  to  the  south,  led 
Murchison  and  subsequent  investigators  to  the  erroneous  belief 
that  the  Saugh  Hill  grits  belong  to  a  lower  geological  horizon 
than  the  graptolite-bearing  flags  (Caradoc)  of  the  Ardmillan 
series.  The  palseontological  difficulties  involved  in  this  reading 
of  the  section  were  ultimately  solved  by  Professor  Lapworth 
when  he  identified  in  Penwhapple  Glen  three  prominent 
graptolite  zones  of  the  Birkhill  division  of  the  Moffat  sequence, 
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viz. :  (1)  Monoijra})tu8  gregarius,  (2)  M.  spinig&niSy  (3)  Ba$trits8 
maaimus,  which  here  occur  in  inverted  order  among  the  coarse 
gritS;  shales,  and  limestones  with  which  they  are  associated. 
He  further  proved  that  the  belt  of  Llandovery  strata,  extending 
from  the  Saugh  Hill,  by  Penwhapple  Glen,  to  the  slopes  of 
Hadyard  Hill,  are  separated  by  a  strike  fault  from  the  Barren 
Flagstones  of  Caradoc  age  to  the  south.  At  first  one  might  be 
apt  to  suppose  that  this  fault  must  be  of  considerable  magnitude 
owing  to  the  absence  of  the  Mulloch  Hill  group  in  the  Llandovery 
areas  south  of  the  Girvan  valley,  but  the  same  observer  has 
adduced  evidence,  which  will  be  referred  to  presently,  from  the 
shore  at  Shalloch  Forge,  south  of  Gii-van,  pointing  to  an  uncon- 
formability  between  the  Craigskelly  conglomerate  (the  local  base 
of  the  Saugh  Hill  group)  and  the  underlying  Barren  Flagstones 
of  Caradoc  age.  If  this  unconf  ormability  be  granted,  the  strike 
fault,  though  it  disturbs  the  natural  sequence,  will  be  seen  to  be 
of  no  great  amount  for  the  lowest  well-defined  zone  of  Llandovery 
age  in  Penwhapple  Glen  is  that  of  the  Diplograptv£  modestus 
shales  {Monograptvs  grega/rivs),  which  are  not  separated  by  any 
great  thickness  of  strata  from  the  Craigskelly  Conglomerate 
(Figs.  112,  114). 

Diplograptus  confertus  (  modestus )-8hskles* — 
Immediately  to  the  nortii  of  the  strike-fault  that  forms  the 
southern  boundaiy  of  the  Llandovery  series,  some  green  and 
grey  calcareous  flags  and  shales  in  Penwhapple  Glen  have  yielded 
to  Professor  Lapworth  Pentamerus  sp.  These  strata  are  suc- 
ceeded northwards  by  black  mudstones  and  shales  charged  with 
graptolites,  of  which  the  following  f oims  have  been  collected  by 
the  Geological  Survey,  viz.:  Monograptiis  grega/ritis,  M,  crenu- 
lariSf  Biphgraptxcs  confertus  (nwdestu^),  D.  tama/riscus,  B,  Hughesi, 
Petalograptus  folium,  and  Biinorphograptua  Swanstoni,  In 
addition  to  these  species.  Professor  Lapworth  records  Mono- 
graptua  leptotheca,  and  Cliinacograptn^  normalis.  These  grapto- 
litic  mudstones  pass  upwards  into  the  thick  mass  of  grey  shales 
which  form  the  dominant  lithological  feature  of  the  zone ;  some 
of  the  dai'k  seams  interleaved  in  them  yield  similar  graptolites, 
together  with  orthoceratites.  Like  the  Barren  Flagstones  to 
the  south,  the  beds  of  this  zone  have  a  persistent  inverted  dip  to 
the  south-east. 

Saugh  Hill  Grits. — Northwards,  from  the  shales  last 
mentioned,  massive  grey  grits  in  inverted  order  contain  small 
quartz  pebbles,  weather  with  a  yellow  tint,  and  are  remarkably 
destitute  of  fossils.  They  are  associated  with  flagstones,  and  at 
the  point  where  a  small  tributary  joins  the  Penwhapple  Burn 
from  the  west,  shattery  grey  shales  appear  in  the  heart  of  the 
grit  series. 

Monograpius  Sedgwicki  -  Mudstones  (M.  spinigerus- 
Zone). — These  pebbly  grits  are  followed  northwards  by  a 
prominent  zone  of  grey  and  black  mudstones  and  shales,  which 

*  Diplotfraiilas  awdtsfus  (Lapw.)  5=  Dij>lw;raptu$  ( Dhuorphot/rajftas)  cof^fertut  (Nich.). 
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is  well  displayed  at  a  bend  in  the  Penwhapple  Glen,  about  400 
yards  south  of  the  foot  of  PenkiU  Burn.  The  lower  or  southern 
naif  of  this  band  is  formed  of  greyish-green  shales,  yielding  no 
fossils,  while  the  northern  portion  furnishes  a  characteristic 
assemblage  of  graptolites.  The  graptolitic  part  is  thus  described 
by  Professor  Lap  worth  * :  *'  It  consists  essentially  of  soft  shaly 
mudstones,  containing  a  large  proportion  of  carbonaceous  matter, 
and  impregnated  with  sulphate  of  iron.  The  entire  group  is 
stained  of  a  deep  iron-shot  colour,  and  is  so  excessively  crushed 
and  contorted  that  the  bedding  can  only  be  made  out  with  the 
utmost  difficulty.  Calcareous  matter  is  occasionally  present  in 
notable  quantity,  and  large  nodular  concretions  are  abundant  in 
the  steep  cliffs  of  the  rock  which  overhang  the  right  bank  of  the 
stream.  Graptolites  are  abundant,  but  are  most  difficvdt  of 
extraction  in  consequence  of  the  crushing  to  which  these  beds 
have  been  subjectea,  while  fragments  or  Crustacea  and  ortho- 
ceratites  are  occasionally  seen."  These  fossiliferous  mudstones 
and  shales  yielded  the  following  formes  to  the  Geological  Survey : 
Monographic  Sedgicickij  M.  spinigerus,  Petalograptus  oi^atus,  Rastrites 
peregrinuSy  and  lAiigula  brevis. 

Professor  Lapworth  obtained  the  additional  forms  given  in 
the  annexed  list : 


Monograptua  tenuis  (Portl.) 

atterviuitus  (Hopk.) 
Hisingeri  (Carr.) 
inberrMdius  (Carr.) 
apircUis  (His.) 


»» 


»» 


tj 


Diploffraptus  Hughesi  (Nich.) 

,,  tamarisciia  fNich.) 

Climctcograpius  normalis  (Lapw.) 
Petalograptus  folium  (His.) 
,,  palmceus  (Barr.) 


Camregan  Grits  and  Limeston e. — ^The  black 
fossiliferous  mudstones  and  shales  just  described  are  succeeded 
northwards  by  an  important  group  of  strata,  comprising  grits, 
impure  limestone,  shales,  and  mudstones,  which  have  yielded  a 
large  series  of  organic  remains  of  an  undoubted  Llandovery 
facies.  These  strata  are  well  seen  below  Camregan  Plantation 
on  the  east  bank  of  the  rocky  gorge  formed  by  the  Penwhapple 
Bum,  where  they  ai'e  nearly  vertical  or  inclined  at  high  angles 
to  the  south-east.  The  Ibeds  in  contact  with  the  crusned 
mudstones  of  the  Monograptics  Sedgwicki  zone  consist  of  massive 
grits  and  flags  (Rhy7ichonella/-gritQ),  which  extend  for  several 
yai-ds  down  stream.  They  resemble  the  Saugh  Hill  grits  in 
lithological  chai-acters,  and,  like  them,  are  comparatively  barren, 
except  near  the  base,  where  Professor  Lapworth  found  in  them 
"  casts  of  RhynchoneUa,  associated  with  rarer  examples  of  Orthis 
and  Strophomena.'"  Next  come  in  inverted  order  nodular  calcareous 
flagstones,  which  merge  into  impure  highly  fossiliferous  limestones 
(Camregan  Limestone^  that  dip  to  the  S.S.E.  at  an  angle  of  about 
70°.  T^ese  are  followed  by  blue  calcareous  shales  and  mudstones, 
which  are  likewise  fossiliferous,  many  of  the  organisms  occurring 


Quart.  Jour.  Gool.  Soc.,  vul.  xxiviii.,  p.  033. 
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in  a  fine  state  of  preservation.     The  species  given  in  the  annexed 
list  were  obtained  from  these  strata  by  the  Geological  Survey : 


Ischadites  antiqwus  (Salt.) 
Godostylia  lAnddrinni  ^Nich.  &  Eth.) 
HcUydtes  cateniUaiHa  (Linn.) 
Petraia  sp. 

PtUodictya  dtchotmna  (Portl.) 
Bronteus  Andersoni  (Eth.  &  Nich.) 
Ccdymene  Blumenbachi  (Brong.) 
Cheirurua  trispinosus  (Young.) 
Encrinurus  punctatus  (Brunn.) 
nianus  (Dyaplamis)  cemvlus  (Salt.) 
,,  Thomsoni  (Salt.^ 

(Bumastus)  Boiimiani  (Brong.) 
nexUis  (Salt.) 
sp. 
Phoicops  Stoked  (M.  Edw.) 
Atrypa  reticularis  (Linn.) 
Glassia  (Athyris)  obovata  (Sow.) 
Leptana  {Plectamb<mite8)transv€r3alis 

Pahn.) 


»> 


)) 


>> 


i> 


»♦ 


>« 


lAngvla  Symondai  (Salt.) 
Orthis  calligrcmima  (Dalm.) 

(DcUrnaneUa)  eHeganMda 

(Dahn.) 
polygramma  (Dav.) 
Pentamerus  globoaus  (Sow.) 
ohlongua  (Sow.) 
rotundus  (Sow.) 
undatus  (Sow.) 
Crania  (Pholidops)  implicata  (Dav.) 
Spirifera  plicateUa  (Linn.) 
Strophomena  antiquata  (Sow.) 
„  applanaia  (Salt.) 

,,  (Kajineaquina)  expanaa 

(Sow.) 
TripUaia  incerta  (Dav.) 
BeUerophon  bUobatua  (Sow.) 


>» 


i> 


The  following  additional  forms  are  recorded  by  Mrs.  Gray 
from  the  same  fossilif erous  horizon : 


Chondrites  sp. 

Monograptus  gaia,en8is  (Lapw.) 
HisingeH  (Carr.) 
, ,  ^ralis  (Geinitz. ) 

Dictyonema  (PenesteUa)  assimile 

(Lonsd.) 
Acidaapis  bispinoaua  (M*Coy.) 
Encrinurua  punctatua  var.  arenaceus 

(Salt.) 
lUctnua  Murchisoni  (Salt.) 

,,       Bosenhergi  (Eichw.) 
Atrypa  imbncata  (Sow.) 
Crania  sp. 

Cyrtia  exporrect^i  (Wahl.) 
Leptcena  sericea  (Sow.) 
Orihia  polygramma  var.  pentlandica 

(Dav.) 
Pentam^rua  galeatua  (Sow.) 
Strophomena  Walmstedti  (Lindst.) 
Amhonychia  beUistriata  (Hall.) 
Avicvla  sp. 


Cardiola  striaia  (Sow.) 

Goniophora  cymJmformia  (Sow.) 

MytUua  mytUimeria  (Conr.) 
, ,       aemirugatua  (Portl. ) 

Orthonota  sp. 

Bellerophon  eat^naua  (Sow.) 
,,  sp. 

Oyclonerna  sp. 

EiLomphalua  sp. 

Pleurotomaria  sp. 

Hyoliihea  sp. 

Pterotheca  sp. 

Oyrtoceras  compresaum  (Sow.) 

Oomphoceras  sp. 

Orthoceraa  angulatum  (Wahl.) 
ba^cchaa  (Barr.) 
fuaiforme  (Hall.) 
imbricatwm  (Waiil.) 
mvlticinctwm  (Hall.) 
primoemim,  (Forbes.) 

Pot-erioceraa  sp. 
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Bast  rites  maximus -Shtkles, — The  Pentamerus  limestone  and 
shales  of  Gamregan  are  immediately  followed  by  purple  and 
green  mudstones,  which,  with  the  exception  of  annelid  tracks, 
are  remarkably  destitute  of  fossils.  They  contain,  however, 
a  thin  seam  of  silky  carbonaceous  shale,  which  is  well  seen  in  the 
bed  of  the  Penwhapple  Burn  and  in  the  streamlet  on  the  west 
side  of  a  gorge,  where  Professor  Lapworth  obtained  the  following 
characteristic  suite  of  graptolites,  together  with  occasional 
examples  of  phyllopodous  Crustacea : 
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Bastritea  maximus  (Can-.)  Monograptus  rurwinatus  (Lapw.) 

Monogra/ptvs  turricuUitus  (Baxr.)  Petcdograptus  palmaiu  (Caxr.) 

,,  crasms  (La^w.)  Pdtocaris  aptychoides  (Salt.) 

,,  Hiaing&ri  (Carr.) 

The  observations  of  tlie  same  geologist  further  show  that  the 
purple  mudstones  containing  the  seam  of  carbonaceous  shale, 
with  Rastrites  maximus  and  some  of  its  associates,  are  succeeded 
northwards  by  massive  grits,  which  are  regarded  by  him  as  the 
highest  sub-division  of  the  Camregan  group. 

Sectmis  East  of  PenwJiapple  Olen. 

Besides  the  typical  section  in  Penwhapple  Glen  of  Llandovery 
strata,  ranging  from  the  Biplograptus  canfertus  (modestus) 
shales  to  the  Rastrites  majximus  zone,  the  prolongations  of  the 
same  beds  are  to  be  seen  both  to  the  east  and  to  the  west  of  that 
line  of  section. 

The  Geological  Map  (Sheet  8)  shows  that  the  fault  which 
forms  the  southern  boundary  of  the  Llandovery  strata  in  Pen- 
whapple Glen,  and  separates  them  from  the  Barren  Flagstones 
of  Caradoc  age  to  the  south,  can  be  traced  eastwai*ds  to  the  slope 
of  Hadyard  Hill  and  westwards  along  the  south  flank  of  Saugh 
Hill.  Though,  in  Penwhapple  Glen  this  dislocation  is  probably 
of  no  great  magnitude,  yet  eastwards  to  the  slope  of  Hadyard 
Hill  it  evidently  increases  in  amount,  for  in  that  direction  the 
members  of  the  Camregan  group  are  brought  into  contact  with 
the  Caradoc  Bocks  to  the  south.  In  other  words,  the  strata 
associated  with  the  Biplograptus  confertus  shales  and  the  Saugh 
Hill  grits  have  there  been  thrown  out  by  this  east  and  west  fault. 

Owing  partly  to  this  dislocation  and  partly  to  the  covering 
of  superficial  deposits,  the  Llandovery  beds  underlying  the  Cam- 
regan group  are  almost  wholly  concealed  from  view  in  the  area 
east  of  Penwhapple  Glen.  Several  good  sections,  of  the 
Camregan  beds  in  that  region,  however,  have  supplied  lai^ 
and  characteristic  suites  of  organic  remains.  The  first  of  these 
is  met  with  near  the  head  of  the  southern  branch  of  the  Penkill 
Burn — a  tributary  which  joins  the  Penwhapple  Bum  from  the 
east.  This  exposure  is  merely  the  easterly  prolongation  of  the 
outcrop  in  Penwhapple  Glen,  though  only  a  portion  of  the 
sequence  is  visible,  which  here  consists  of  calcareous  bands  and 
yellow  grits.  Situated  close  to  the  road  leading  to  the  village  of 
Barr  from  Girvan,  the  fossiliferous  zones  are  easy  of  access,  and 
the  various  brachiopods,  trilobites,  and  other  organisms  charac- 
teristic of  the  Pentamerus  limestone  of  Camregan  may  be  readily 
obtained. 

About  a  mile  still  further  east,  at  the  head  of  Bargany  Pond 
Bum,  which  rises  on  the  western  slope  of  Hadyard  Hill,  near 
Littlelane,  another  good  outcrop  is  to  be  seen  of  the  Camregan 
group,  composed  here  of  grey  clayey  shales  or  mudstones  with 
calcareous  ribs  and  bands  of  grit,  which  dip  towards  the  south 
at  high  angles.  On  the  weathered  surfaces  of  the  limestone, 
crinoids  and  other  organic  remains  appear,  while  the  grey  clayey 
shales  yield  well-presei'ved  trilobites  belonging  to  the  genera 
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EncrinurTiSf  Plhocopsy  &c.     A  careful  search  at  this  locality  fui*ni8hed 
the  following  forms  to  the  Geological  Survey : 


Glyptocrinus  sp. 
Grinoid  stems. 
Myrianites  ap. 
Bet^richia  Klcedeni  (M'Coy.) 
Acidaspis  sp. 

Cheirurus  bimucronatus  (Murch.) 
Enerinurus  puiictatus  var.  arenac^us 

(Salt.) 
lUctnus  (Bumcistus)  barriensis 

(Murch.) 
,,  ,,  Bmvmani  (Salt.) 

PhoAiops  Stokesi  (M.  Edw.) 
Proetus  girvanensis  (Eth.  &  Nich.) 
Gyrtia  txporrecta  (Wahl.) 
Discina  perrugata  (M  *Coy . ) 

,,       rugata  (Sow.) 
Leptctna  sericea  (Sow.) 

,,     (Plectamhanites)  tratisoersalw 

(Wahl.) 
Orthis  baldetchiensis  (Dav.) 
Orthis  {Bilobites)  bUoba  (Linn.) 
(DcdmaneUa)  degantvla 

(Dahn.) 
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Pentannerus  globosus  (Sow.) 
rotundiis  (Sow.) 
undcUus  (Sow.) 
Orania  (Pholidops)  impUcctta  (Day.) 
Spirifera  crispa  (His.) 

, ,        plicctteUa  var.  rGu2tato(Sow. ) 
Stricklandinia  lens  (Sow.) 
Strophomena  antiquata  (Sow.) 
applanaia  (Salt.) 
(Rafinesquina)  ddtoidea 

(Conr.) 
(Leptoina)  rhmtiboidalis 

(WUck.) 
undata  (M*Coy.) 
Whitfieldia  {MeristeUa)  tumida 

(Dabn.) 
Bellerophon  squa/mosus  (Lindst.) 
Pleurotomaria  (Euomphalus)  qxudte- 

riaia  (Schl. ) 
Orihoceras  Jiri^briaium  (Sow.) 
Ora\ji  (Blake.) 
sp. 


Mrs.  Gray  has  collected  from  the  same  locality  the  additional 
forms  given  in  the  annexed  list : 


Ptilodictya  dichotoma  (Portl.) 
Btyrickia  Klcedeni  var.  scotica 

(Jones  &  HoU) 
Ulrichia  GroAjce  (Jones.) 
Bronteus  Andersoni  (N.  &  E.) 
Harpes  sp. 

lUcem^Ls  nexilis  (Salt.) 
Staurocephalus  sp. 


Atrypa  imbricata  (Sow.) 
Lingvla  Symondsi  (Salt.) 
Nudeoi^ra  visum  (Sow.) 
Orthis  soioerbyana  (Dav.) 
Triplesia  incerta  (Dav.) 
M'i/tilus  sefnirugaius  (Portl.) 
Pleurotomaria  sp. 
Orthoceras  Bacchus  (Barr.) 


About  thirty  yards  down  the  stream  to  the  north  of  this  out- 
crop of  limestone  and  shales,  grey  and  purple  mudstones  with 
dark  carbonaceous  seams  appeal*,  fn)m  which  Professor  Lapworth 
'obtained  well-presei-ved  specimens  of 


Bast  rites  imiximiis  (Carr.) 
Monograptus  crassus  (Lapw.) 

,,  turricvlatus  (Barr.) 


Monoffraptus  Hisingen  (Ban*.) 
Diplograptus palmceus  (Barr.) 
Peltocaris  aptychoides  (Salt.) 


It  thus  appeal's  that  the  Kasirites  ma^^u^-mudstones  have 
here  the  same  relative  stratigraphical  position  with  reference  to 
the  Camregan  Limestone  as  in  the  typical  section  in  Penwhapple 
Glen.  But  owing  to  the  covering  oi  drift  deposits  the  relations 
of  these  sub-divisions  of  the  Camregan  group  to  the  underling 
and  overlying  strata  are  not  apparent.  Nevertheless  it  is 
possible  to  fix  approximately  the  position  of  the  f aidt  that  forms 
the  southern  boundary  of  the  Llandovery  Bocks,  for  in  a  quarry 
about  300  yai-ds  to  the  south  of  the  outcrops  just  referred  to  in 
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Bargauy  Bum,  dark  grit  and  greenish  gp:eywacke  fumisli  speci- 
mens of  Diplograptus  truncatus  and  other  tipper  Hartfell  forms 
(Tipper  CanBtdoc). 

Sectio'iiS  West  of  Penu-fuipple  Glen. 

Proceeding  now  to  deal  with  the  westerly  prolongations  of  the 
Llandovery  (Birkhill)  strata  visible  in  renwhapple  Glen,  we 
may  note  that  various  excellent  exposures  of  the  aifferent  sub- 
divisions occur  on  Saugh  Hill,  likewise  near  Camregan  Wood 
and  in  the  adjoining  streams.  The  shales  associated  with  the 
DiplograpUis  canfertus  (modestus)  band  are  visible  near  the  foot 
of  the  streamlet  that  flows  eastwards  between  Tralorg  and 
Camregan  Hills,  but  westwards  they  are  truncated  and  cut  out 
by  the  Saugh  Hill  feult  as  far  as  the  south-west  slope  of  that 
eminence.  From  dark  seams  at  this  latter  locality  Professor 
Lapworth  records  the  following  characteristic  graptolites: 


Diplograptus  tanuirucua  (Nich.) 
,,  modestus  (Lapw.) 

Climacograptus  nonnalis  (L&pw.) 


Monoyraptus  cyphus  (Lapw.) 
,,  gregarius  (Lapw.) 

,,  tenuis  (Portl.) 


The  coarse  yellow  grits  (Saugh  Hill  Grits)  occupying  an  inter- 
mediate position  between  the  Diplograptus  confertus  (fnodestus)' 
shales  and  the  Monograptus  Sedgwicki-mndstoneQ  foim  a  con- 
spicuous feature  on  the  plateau  to  the  west  of  Penwhapple  Glen, 
for  they  may  be  traced  almost  continuously  from  that  stream 
along  the  ridge  of  Camregan  Hill  to  the  crest  of  Saugh  Hill, 
where  they  form  a  belt  nearly  200  yards  in  width.  From  the 
Geological  Map  (Sheet  8)  it  will  be  seen  that  the  prominent 
development  of  this  zone  on  Saugh  Hill  is  due  to  folding.  The 
strata,  which  may  there  be  studied  in  many  quarries  and  natural 
exposures,  have  generally  an  inverted  dip  to  the  S.S.E.,  and 
consist  of  flaggy  and  massive  yellow  grits  with  bands  of  conglo- 
merate and  breccia,  containing  angular  fragments  of  grits,  shales, 
and  other  materials. 

The  overlying  Moniograptus  Sedgivicki-mudstoinis  cannot  be 
traced  for  any  distance,  owing  to  the  covering  of  drift,  but  they 
do  appear  on  the  northern  slopes  of  Sau&^h  Hill.  At  a  locality 
not  far  to  the  west  of  the  fence  whicn  forms  the  boundary 
between  the  estates  of  Bai^any  and  Killochan,  these  mudstones 
supplied  Professor  Lapworth  with  the  following  forms : 


Rastrites  hybridus  (Lapw^ 
Monograptus  Sedgwicki  (Fortl.) 
,,  sjnralis  (Gein.) 

,,  lobiferus  (M*Coy.) 


Diplograptus  palmceus  (Barr.) 

,,  tainariscus  ^Nich.) 

Climacog7*aptus  normalis  (Lapw.) 


In  like  manner,  the  fossiliferous  grits  of  the  C'amregau  group 
that  overlie  the  Monograptus  Sedgicichi  mudstones  can  be  traced 
westwards  to  the  south-east  comer  of  Camregan  Wood,  where 
they  appear  in  a  quarry,  charged  with  many  of  the  characteristic 
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fossils  of  that  sub-division.  Regarding  these  beds,  Professor 
Lapworth  remarks  that  "  they  are  crowded  with  casts  of  brachio- 
poda,  which  are  so  abundant  in  certain  seams  as  irresistibly  to 
recall  to  mind  the  wonderfully  prolific  fchelly  sandstones  of 
Mulloch  Hill,  on  the  north  of  the  Girvan  valley.  The  beds,  too, 
have  the  same  coarse  sandy  texture,  calcareous  and  gritty 
composition,  and  more  or  less  iiaggy  fracture."  From  the 
sandstones  and  grits  in  this  quarry  the  following  fossils  have 
been  obtained : 

Cheirurus  sp.  ^    Penta^nerus  ohUmgus  (Sow.) 


Encrintirus  punctatiM  (Brun.) 
Phacops  Stokesi  (M.  Edw.) 
Leptocodia  (Atrypa)  hemiapherica 

(Sow.) 


Bhynchonella  Handoveriana  (Dav.) 

Pteriiiea  sp. 

PUxtyceras  cornutuin  (His.) 


The  Camregan  groiip  is  likewise  seen  in  a  bum  at  the  west 
end  of  Camregan  W  ood,  where  it  has  supplied  some  of  its  charac- 
teristic fossils,  and  still  further  west  at  the  head  of  Cuddystone 
Bum,  from  which  locality  Mrs.  Gray  records  the  species  given 
in  the  annexed  list: 

Ccdymene  Blwmenbachi  (Brong.)  ,  Strophomena  Walmstedti  (Lindst.) 
Leptcena  segmentum  (Ang.)  ,,  Waltoni  (Dav.) 

Orthis  rustica  (Sow.)  '  Orthonotu  sp. 

Pentamerua  obUmgua  (Sow.)  I  Oydonema  sp. 

„  undatus  (Sow.)  |  Euwnphali^  Bp. 

Strophomena  applanata  (Salt.)  .  0Hh<)cera8  imbricatum  (Viahl.) 

Shalloch  and  Woodland^  South  of  Oirvan. 

The  only  remaining  patches  of  Llandovery  strata  (Birkhill  or 
Newlands  series,  Lapworth)  south  of  the  Girvan  valley  which 
have  yet  to  be  described  are  to  be  found  on  the  shore  imme- 
diatelv  to  the  south  of  Girvan,  where  they  form  a  series  of  reefs 
near  nigh-water  level.  Thoup^h  disconnected  and  available  for 
study  only  when  the  tide  is  favourable,  the  strata  are 
nevertheless  of  considerable  interest,  both  on  lithological  and 
palsBontological  grounds.  At  these  localities,  coarse  conglo- 
merates, which  Professor  Lapworth  believes  to  rest  uncon- 
formably  on  the  underlying  Caradoc  Rocks,  are  associated  with 
grits,  shales,  and  coralline  limestones,  which,  in  viitue  of  their 
fossil  contents,  can  be  referred  to  the  lower  portion  of  the  Saugh 
Hill  group.  The  physical  relations  of  the  beds  forming  these 
i^ocky  islets  have  been  studied  by  Professor  Lapworth,  from 
whose  descriptions  the  following  details  are  taken.  * 

The  first  of  these  exposures  occurs  on  the  beach  at  Shalloch, 
about  half  a  mile  south  of  Girvan,  where  the  strata  strike  inland 
from  the  shore  and  dip  towards  the  north  and  N.N.E.  The 
prominent  feature  in  this  section  is  the  ridge  of  conglomerate 
named  the  Horse  Bock.     It  measures  about  fifty  feet  in  thick- 

*  Quart.  Jour.  Geol.  Soc.,  vol.  xxxviii.,  p.  638,  et  teq. 
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ness,  and  rests  with  a  slight  unconformability  on  green  flagstones 
and  shales  to  the  south,  which  can  be  seen  only  at  low  tide. 
While  destitute  of  organic  remains,  these  flagstones  and  shales 
resemble  lithologically  the  Barren  Flagstones  of  the  Ardmillan 
series  (Caradoc),  and  in  all  likelihood  belong  to  that  sub-division 
of  the  Silurian  system.  The  overlying  conglomerate,  which  is 
interbedded  with  bands  of  green  granular  grit,  has  a  green 
matrix  containing  well-rounded  blocks  of  diabase-lava,  acid  and 
basic  intmsive  rocks,  chert,  shale,  greywacke,  quartzite,  mica- 
schist,  and  other  materials.  Indeed,  except  for  its  highly 
indurated  character  and  the  presence  of  the  quartzite  pebbles, 
the  rock  is  similar  to  the  characteristic  conglomerate  of  Benan. 
A  few  yards  to  the  north  the  sandy  beach  lays  open  some  limited 
outcrops  of  calcareous  flagstone  or  impure  limestone,  from  which 
Professor  Lap  worth  obtained  specimens  of  Alveolites  Ldbecheiy 
FavosUes  gothlandica,  and  other  corals,  together  with  numerous 
casts  of  Pentamerus  ohlongus  and  other  brachiopods.  Next  in 
order  come  dark  blue  and  grey  flaggy  shales  with  thin  car- 
bonaceous seams,  traceable  across  the  beach,  and  yielding  grapto- 
lites  of  the  following  species:  Di^jloiiraptus  (cmifertus)  modesties, 
Climacograptvs  rtormalis,  Monograptus  tenuis,  and  M,  cyplviis, 
together  with  forms  of  Dictyonema  and  OrtJwceras — an  assemblage 
similar  to  that  found  in  the  Diplograptus  confertus  (modestits)  shales 
in  the  typical  section  of  Penwhapple  Glen. 

Above  these  graptolite-bearing  shales  come  conglomei'atic 
sandstones  with  numerous  white  quartz-pebbles,  the  lowest 
beds  of  which  contain  angular  fragments  of  the  underlying 
shales,  as  if  the  junction  between  the  sandstones  and  shales 
had  originally  been  an  unconformable  one,  though  this  relation- 
ship is  now  masked  to  some  extent  by  an  intervening  fault. 
The  phenomena  presented  by  these  rocks  at  their  line  of  contact 
are  tnus  described  by  Professor  Lapworth :  "  The  lowest  visible 
zone  of  the  sandstone  conglomerate  is  filled  with  pieces  of  the 
same  striped  shales,  which  are  surrounded  and  buried  up  by  the 
coarser  pebbly  rock,  as  if  they  had  projected  from  the  sea-floor 
at  the  time  of  the  formation  of  the  sandstone,  and  had  been 
enveloped  and  buried  by  the  latter,  being  deposited  around  and 
above  them.  Thus  it  is  highly  probable  that  the  conglomeratic 
sandstones,  which  now  dip  generally  with  the  underlying  beds, 
were  originally  somewhat  discordant  with  them,  and  that  their 
present  steep  dip  is  owing  to  the  intercalary  fault  we  have  re- 
ferred to.  This  fault,  however,  while  it  has  permitted  these 
overlying  beds  to  be  crushed  into  a  general  correspondence  in 
inclination  with  the  underlying  strata,  has  not  actually  allowed 
of  their  removal  far  from  their  original  position,  the  angular 
fragments  included  in  the  sandstones  being  previously  derived 
from  the  striped  shales  with  which  they  are  still  in  contact." 

From  these  details  it  may  be  inferred  that  some  of  the 
zones  near  Shalloch  are  the  equivalents  of  part  of  the  lower 
portion  of  the  Saugh  Hill  group ;  for  example,  the  graptolite- 
bearing  shales  are  evidently  the  counterpart  of  the  Biphgraptus 
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confertus  (modestus)  shales  of  Penwhapple  Glen,  and  the  over- 
lying quartz-conglomerate  and  sandstones  correspond  to  similar 
strata  at  the  base  of  the  Saugh  Hill  Grits,  while  the  coarser 
conglomerate  of  the  Horse  Rock  apparently  occupies  a  lower 
geological  horizon  than  any  of  the  Llandovery  beds  exposed  in 
the  Penwhapple  Glen  or  Saugh  Hill  sections. 

Craigskelly. — Not  far  to  the  south-west  of  the  Horse 
Rock,  coarse  conglomerate  reappears,  with  a  north-east  and 
south-west  strike,  in  a  rocky  islet  named  Craigskelly,  where  it  is 
associated  with  grits,  weathering  with  a  yellow  tint  and  yielding 
fragments  of  Strophomena'  grandis,  Af/nijw  reticula/ris,  A.  hemi- 
sphcerica,  and  BictifoiieTna, 

Woodland  Poin t. — ^About  three-quarters  of  a  mile  along 
the  shore  to  the  south  of  Craigskelly,  these  Lower  Llandovery 
Grits  are  again  visible  in  certain  reefs,  named  the  Scart  Rocks, 
in  Woodland  Bay,  and  also  at  Woodland  Point.  At  this  latter 
locality  they  are  associated  with  calcareous  bands,  which  have 
yielded  a  large  number  of  organic  remains  that  clearly  define 
the  geological  horizon  of  the  beds.  The  rocky  headland  is 
formed  of  massive  grits,  weathering  with  a  yellow  tint  and 
nearly  vertical,  and  having  a  north-east  strike  in  the  direction 
of  the  Scart  Rocks  and  Craigskelly ;  indeed,  there  can  be  little 
doubt  that  the  grits  visible  at  these  various  exposures  are  merely 
the  prolongations  of  the  same  band. 

These  pebbly  grits  and  conglomerates  are  succeeded  alon^ 
their  south-east  margin  by  highly  fossiliferous  strata,  which 
protrude  through  the  sandy  beach,  and  are  available  for  study 
only  at  low  tide.  First  a  few  feet  of  green  flaggy  shales  wili 
thin  carbonaceous  and  calcareous  seams,  are  prooably  faulted 
against  the  conglomeratic  sandstones;  their  geological  horizon, 
however,  is  placed  beyond  doubt  by  the  graptolites  which  have 
been  obtained  from  them,  viz. :  JHphgrapius  confert^is  (modesitbs), 
CUmacograiHtis  normalis,  MovoffrapUis  tenuis^  M,  gregarvas,  and 
if.  leptotheca.  These  strata  are  succeeded  by  soft  green  shales 
containing  specimens  of  Strophomena  grandis,  Airy  pa  reticularis, 
A,  imbricata,  Orthis  eleganttda^  &c.,  and  then  by  about  thirty  feet  of 
calcareous  flagstones  or  limestones,  crowded  with  organic  remains, 
including  Pentamerus  ohlongvs  and  Stricklandinia  lens.  The 
following  fossils  have  been  collected  from  this  horizon  bv  the 
Geological  Survey : 


Favosites  muUochensis  (Nich.  &  Eth.J 

Pifuicopora  Andersoni  (Nich.  &  Eth.) 

FenesteUa  sp. 

Bronteua  Andersoni  (Eth.  &  Nich.) 

Gheirurus  himucronatu^  (Murch.) 

Encrinurus  punctatus  (Brun.) 

lUanus  sp. 

PKacops  {Acaste)  Dowmngm  (Murch.) 

Stcmrocephcdus  unicu8  (Wyv.  -Thorn . ) 

Atrypa  imhricaia  (Sow.) 

,,       reticularis  (Linn.) 
Crania  siluriana  (Day.) 


Lepta^na    (Plectambonites)    quinque- 

costata  (M*Coy.) 
seffmentwm  (A.ng.) 
(Plectambonites)  tranaversalis 

(Wahl.) 
„  ,,       var. 

Lingula  Symondsi  (Salt.) 
Orbiculoidea  Forhed  (Dav.) 
Orthis  (BUobites)  hiloha  (Linn.) 

calligramma  var.  plicata  (Sow.) 
(DalmaneUa)  elegantula 

(Dalm.) 
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Orthis  nistica  var.  rigida  (Dav.) 
Pentamerus  undcttus  (Sow.) 
Pholidops  (Orania)  implicaia  (Dav.) 
Skenidiuni  woocUandiensis  (Dav.) 
Stricklandinia  lens  (Sow.) 
„  litnta  (Sow.) 


Sti'oph&tnena  antiquata  (Sow.) 
corrugatdla  (Dav.) 
pecten  (Linn.) 
(Lept<ena)  rhomhaidcUis 

(WUck.) 


>» 


j> 


t» 


Mrs.  Gray  has  obtained  the  following  additional  species  from 
the  same  strata  at  Woodland  Point  : 


lachadites  antiquus  (Salt.) 
Monograpttis  gregariua  (Lapw.) 
,,  leptotheca  (Lapw.) 

,,  tenuis  (Portl.) 

Diplograptus  confertus  (tnodestus) 

(Nich.) 
Clathrodictyon  vesiculosum  (N.  and 

Murie.) 
Haiysites  catenularia  (Linn.) 

„        sp. 
Hdiolites  foliaceua  (Nich.  &  Eth.) 

,,        interstinctua  (Linn.) 
Plcumaporagirvanensis (Sich.  &  Eth.) 
Glyptocrinus  sp. 
Fenestella  (usimUis  (Lonsd.) 
MiUeri  (Lonsd.) 
patula  (M*CoyJ 
avhantiffua  (D'Orb. ) 
OUmconome  disticka  (Goldf.) 
Oorgonia  regularU  (Portl.) 
Hippothoa  mflata  (Nich.) 
Ptilodictya  dichotoma  (Portl.) 
„  lanceokUa  ^oldf.) 

Bhinopora  verrucosa  (Hall.) 
Acidaspis  Brighti  (Murch.) 
Ccdymene  Blumenbachi  (Brong.) 
Encrinurus  punctcttus  var.  arenacetu 

(Salt.) 
,,  ,,  var.   calcareus 

(Salt.) 
Illawus  (Bumaatus)  barriensis 

(Murch.  ^ 
,»       {Dysplanus)  Thomsoni  (Salt.) 
Lichas  sp. 

Dinoholus  David smii  (Salt.) 
Leptaifia  scissa. 


ft 
»» 


»> 


»» 
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Orthis  penUandica  (Dav.) 
, ,      sovjerhyana  (Dav. ) 
Strophomena  ce^nula  (Salt.) 

,,  (Bafinesquina)  ddtoidea 

(Conr.) 
THplesia  monilifera  (M*Coy.) 
Arnbonychia  amygdalina  (Hall.) 

,,  arttctiZam  (Conr.) 

Avicula  eUiptica  (Hall.) 
Cardiola  sp. 

Goniophora  cymbcBfomtis  (Sow.) 
Mytiltis  mytUimeris  (Conr.) 
BeUerophon  dilatoMis  (Sow.^ 

Xnsus  (Lincut.) 
ra  (Lindst.) 
sp. 

Ecculiomphalus  sp. 
Fusispira  elongata  (HaU.) 

,,         sp. 
HolopeUa  sp. 
Murchisonia  sp. 
Oriostoma  discors  (Sow.) 
Pleurotomaria  alata  (Wahl.) 

,y  scutulata  (Lindst.) 

Conularia  aspera  (Lindst.) 

,,        subtilis  (Salt.) 
Cyrtoceras  arcuatum  (Hall.) 
Cfomphoceras  crater  (Blake.) 
Oncoceras  sp. 

Orthoceras  angulatumfi  (Wahl.) 
distans  (Sow.) 
imbricatum  fWahl.) 
tnocktreense  (Sow.) 
tracheale  (Sow.) 
Phnigmoceras  sp. 
Trocnoceras  aspersum  (Barr.) 


♦t 


»» 


»» 
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A  comparison  of  the  sections  at  Woodland  Point  and  Shalloch 
seems  to  favour  the  view  suggested  by  Professor  Lapworth  (1) 
that  the  Scart  Grits  at  Woodland  Point  and  in  Woodland  Bay  are 
the  equivalents  of  the  conglomeratic  sandstones  and  quartz-con- 
glomerate of  Shalloch;  (2)  that  the  Scart  Grits,  which  seem  to 
overlie  the  Diplograptus  confertus  (modestvs)  shales  are  the  counter- 
part of  the  Saugh  Hill  Grits :  (3)  that  the  Pentameriis  limestone 
at  Woodland  Point  corresponds  to  the  coralline  band  at  Shalloch. 
These  conclusions  regarding  the  order  of  succession  of  the  Llan- 
dovery Rocks  on  the  shore  south  of  Girvan  may  be  tabulated  as 
follows,  in  descending  order : 
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Saueh  Hill     r2.  Scart  grits  and  conglomeratic  sandstones. 
Sandstones.   \l.  Quartz-confflomerate. 

(3.  Green  and  black  graptolitic  shales  and  tnudstones,  Diflo- 
graptus  confertus  {modestus)  shales. 
2.  Pentamerud  limestone  and  shales  (Woodland). 
1.  Craigskelly  conglomerate  (Horse  Rock). 

In  the  foregoing  paragraphs  relating  to  the  Llandoveiy  Bocks 
at  Woodland  Point  reference  has  been  made  to  the  fact  that  some 
of  the  zones  are  only  accessible  at  low  tide,  and  that  even  under 
these  conditions  the  section  is  partly  obscured  by  the  sandy 
beach.  For  this  reason  their  relation  to  the  underlying  Barren 
Flagstones  of  the  Ardmillan  series  is  not  quite  clear,  but  it  is 
probable  that  they  are  brought  into  conjunction  with  that  series 
by  a  strike  fault  which  runs  more  or  less  parallel  to  the  shore. 

Tarannon  {part  of  DaiUy  Series,  Lapworth. ) 

The  series  of  strata  within  the  Girvan  area  which  may  be 
regarded  as  the  equivalent  of  the  Tarannon  Rocks  of  Wales 
extends  as  a  narrow  belt  along  the  northern  margin  of  the  Silu- 
rian plateau  from  Penkill  near  Penwhapple  Glen  to  the  northern 
slope  of  Hadyard  Hill,  where  it  is  abruptly  truncated  by  the 
fault  which  brings  it  in  contact  with  the  Old  Red  Sandstone 
and  Carboniferous  rocks  on  the  south  side  of  the  Girvan  valley. 
But  even  beyond  these  limits,  the  irregular  strip  of  Upper 
SUurian  strata  which  stretches  along  the  northern  flank  of  the 
uplands  from  the  northern  slope  of  Hadyard  Hill  by  Blair  to 
Straiten,  includes  a  group,  named  the  Drumyork  Flagstones, 
which,  on  account  of  their  unfossiliferous  character  and  their 
resemblance  to  the  "  Hawick  Rocks "  of  the  Southern  Uplands, 
we  are  inclined  to  regard  as  belonging  to  this  division  of  the 
Silurian  system.  This  correlation  is  strengthened  by  the  fact 
that  the  Drumyork  Flagstones,  like  the  "  Hawick  Rocks,"  seem 
to  pass  upwards  into  beds  at  Blair  and  Knockgardner  which  yield 
a  facies  of  fossils  akin  to  that  of  Wenlock  age.  In  the  case  of 
the  beds  near  PenkUl  and  Bargany  they  yield  an  assemblage  of 
fossils  sufficiently  conclusive  for  the  purpose  of  correlation.  The 
various  sub-divisions  of  the  Tarannon  Rocks,  which,  according 
to  the  classification  here  adopted,  include  the  zones  of  the 
Penkill  and  Bargany  groups,  established  by  Professor  Lapworth, 
together  with  the  Drumyork  Flagstones,  may  thus  be  tabtdated 
in  descending  order: 

Group  }■  Green  flags  and  shales,  unfossiliferous. 

(2.  Yellow,  blue,  and  grey  flagstones  with  zones  of 
shales  (Blackwood  beds). 
1.  Pale  blue  thick-bedded  flagstones  and   shales 
(Glenfoot  beds). 
(4.   Cyrtograptus  Orayi  mudstones  and  shales. 
3.  Pro^oinr^wioria  grits. 
2.  Penkill  flags  and  shales. 
1.  Purple  shales  and  mudstones  with  Orossopodia^ 
Nemertites,  &c. 
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a.  Peal' ill  Group, 

Penwhapple  Glen  Section. — ^The  lower  portion 
of  this  stream,  between  the  outcrop  of  the  Camregan  beds  and 
the  great  fault  that  brings  the  Old  Ked  Sandstone  into  conjunc- 
tion with  the  Silurian  rocks,  affords  an  excellent  section  of  the 
various  sub-divisions  of  the  Penkill  group,  ranging  from  the 
Crossopodia  shales  to  the  Gyrtograptus  Orayi  mudstones. 

(1)  Crossopodia^ Shales, — Immediately  to  the  north  of  the 
Camregan  beds,  above  described  (p.  535),  a  great  development  of 
finely  laminated  shale  appears,  usually  of  a  purple  colour,  but 
with  occasional  green  or  grey  seams,  and  are  eitner  vertical  or 
inclined  at  high  angles  to  the  south-east.  Some  of  the  bands  are 
covered  with  those  peculiar  markings  resembling  the  tracks  of 
annelids  which  are  so  characteristic  of  the  red  and  purple  shales 
of  Tarannon  age  in  the  Central  Belt  of  the  Southern  Uplands. 
Indeed,  lithologically  and  palseontologically  they  resemble  the 
purple  slates  of  Thornylee,  in  the  valley  of  the  Tweed,  The 
various  forms  of  markings  obtained  from  these  beds  are  : 

Oroasopodia  scotica  (M*Coy.)  Nereites  Sedgvncki  (M*Coy.) 

Netn^itea  tenuis  (i/L^Coy.)  ,,       cainhrenais  (M.*Coy,) 

The  palseontological  evidence  is  strengthened  by  the  occur- 
rence of  graptolites  in  some  thin  carbonaceous  seams  interleaved 
in  the  purple  and  green  shales,  which  present  a  well-marked 
Tarannon  facies.  The  following  species  nave  been  collected  by 
Professor  Lapworth  from  these  layers : 


Monograptua  eocigwus  (Nich.) 
Becki  (Barr.) 
gakiensis  (Lapw.) 


n 

»» 


Rastritea  distana  (Lapw.) 
Diplograptua  »p, 
Retiolites  obeaua  (Lapw.) 


(2  and  3)  Flagstones  and  Grits  with  Protovirgularia. — In  the 
Penwhapple  section  a  gradual  passage  may  be  traced  from  the 
pui-ple  mudstones  with  Crossopodia  into  an  alternating  series  of 
flaggy  bands  with  green  and  purple  shales,  which  are  succeeded 
in  trim  by  greywackes  and  grits,  well  seen  near  the  foot  of 
Penkill  Bum.  Northwards  from  that  locality  flaggy  greywackes 
supervene  and  continue  as  far  as  the  Cyrtograptus  Grayi  beds. 
This  zone  of  grits  and  flaggy  greywackes,  which  cannot  exceed 
a  few  hundred  feet  in  thickness,  is  believed  to  be  the  attenuated 
representative  of  the  coarse  sediments  that  are  so  prominently 
developed  in  the  Llandovery  area  of  the  Central  Belt. 
Although  fossils  are  scarce,  some  of  the  species  of  graptolites 
characteristic  of  the  underlying  Crossopodta  shales  have  been 
collected  from  these  beds. 

(4)  Cyriograptus-Grayi  Mudstones. — The  grits  and  flaggy  grey- 
wackes are  followed  by  finer  sediments  of  considerable  interest, 
from  the  abundance  and  excellent  preservation  of  their  organic 
remains.     These  strata  consist  of  green  and  purple  mudstones, 
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wliich  contain  seams  of  graptolite  shale,  resembling^litlxologically 
the  Wenlock  graptolite  shales  of  Biccarton  and  Kirkcudbright, 
but  the  palaeontological  evidence  leaves  no  room  for  doubt  mat 
they  are  still  a  sub-division  of  the  Tarannon  series.  They  are 
well  seen  at  a  prominent  bend  of  the  Penwhapple  Glen,  about 
300  yards  north  of  the  foot  of  Penkill  Bum,  where,  on  the  bank 
of  the  stream,  they  are  readily  accessible.  From  this  horizon 
Mrs.  Gray  has  collected  i\iQ  following  fossils : 


Ourtogra^tus  Orayi  (Lapw.) 
monograptus  col&nus  (Barr.) 

concinrvus  (Lapw.) 
exigwA8  (Nich.) 
gcdaenns  (Lapw.) 
Hinngeri  (Carr.) 
priodon  (Bron.) 
Sedgwicki(WQoy.) 
Bastrites  distoma  (Lapw.) 
RetiolUea  geinitzia/nus  (Barr.) 
OhetTTurua  bitMAcronatiu  (Murch.) 
Atrypa  reticularis  (Linn.) 
Discina  crasaa  (Hall.) 
Orthis  calligramma  (Dalm.) 
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reveraa  (Salt.) 
niatica  (Sow.) 

,,      var.  rigida  (Dav.) 
turgida  (M*Coy.) 
Pentamerus  roUindus  (Sow.) 
Strophomena  (Leptcena)  rhomhoidcdis 

(Wilck.) 
Cardiola  fibrosa  (Sow.) 
Lunvlicardium  degans  (Salt.) 
Ortkoceras  annuiatum  (Sow.) 
Bacchus  (Barr.) 
fusiforme  (Hall.) 
Orinrodi  (Blake.) 


>» 
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The  strata  which  follow  the  Cyrtograptus  Grayi  mudstones  in 
the  Penwhapple  Glen,  northwards  to  the  fault,  consist  of  grey 
flagstones  and  shales  with  hard  greywacke  bands,  which  are 
unfossiliferous,  and  in  general  are  either  vertical  or  inclined  at  a 
high  angle  to  the  south-east. 

b.   Bargany  Group. 

The  members  of  this  division  appear  in  the  streams  to  the 
south  of  Bargany  in  the  Girvan  valley,  and  still  further  east  on 
the  northern  slope  of  Hadyard  Hill.  Of  these  sections,  perhaps 
the  most  interesting  is  that  laid  open  in  Bargany  Bum.  In  its 
higher  portion,  thick-bedded  grey  and  green  flagstones  and  shales 
are  met  with  (Glenfoot  beds)  resembling  those  in  Penwhapple 
Glen  to  the  north  of  the  Cyrtograptus  mudstones.  From  the 
point  where  the  stream  enters  the  plantation  at  Blackwood  Head 
northwards  to  the  fault  that  bounds  the  Silurian  plateau,  a  fine 
exposure  of  grey,  finely  laminated  flaggy  shales  may  be  seen 
with  occasional  harder  ribs,  which,  near  the  waterfall,  show 
excellent  examples  of  overfolding.  A  few  thin  seams  of 
carbonaceous  matter  associated  with  these  strata  have  \'ielded 
specimens  of  Monograptus  ax^us  and  Monograptus  priodon.  At  the 
eastern  limit  of  the  Blackwood  Head  plantation,  where  several 
small  bums  drain  tho  north-west  slope  of  Hadyard  Hill,  an 
interesting  fossiliferous  horizon  appears  among  the  beds  of  this 
group.  At  the  foot  of  one  of  these  rivulets,  and  about  100  yards 
south  of  the  fault  that  brings  the  Carboniferous  rocks  in  contact 
with  the  Silurian  strata,  blue,  grey,  and  green  fissile  shales  with 
limestone  ribs  crop  out  and  are  well  seen  on  a  cliflp  beside  the 
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waterfall,  where  the  following  fossils  have  been  collected  from 
them  by  the  Geological  Survey : 


Land  plants. 

Heliolitea  interstinctua  (Linn.) 

Paktocychu  sp. 

Diidnocaria  gigas  (Woodw.) 

EncrifMnuep. 


Orthu  eaUigranyma  ^Dalm.) 

, ,     poUfgramma  (Sow. ) 

Pentamerus  oUongus  (Sow.) 

„  sp. 

Oriostama  (Euomphalus)  diacors 


(Sow.) 


c.  DnimyorJc  Flagstoyiss. 


The  final  sub-division  of  the  Tarannon  series  appears  along 
the  southern  margin  of  the  narrow  belt  of  Upper  Suurian  strata 
which,  between  Blair  and  Straiton,  on  the  south  side  of  the 
Girvan  valley  (Sheet  14),  are  faulted  against  the  Lower  Old 
Bed  Sandstone  and  associated  igneous  rocks.  Perhaps  among 
the  best  exposures  are  those  visible  in  the  Lady  Bum  near  the 
fault  to  the  south  of  Drumyork  Farmhouse,  and  near  the  head 
of  Glenmartin  Bum  to  the  south  and  south-east  of  Blair.  The 
strata  consist  of  green  and  grey  shales,  occasionally  weathering 
brown,  with  flagstones  and  greywacke  bands,  which  are  destitute 
of  fossils.  Their  prevalent  dip  is  to  the  south-east  at  high 
angles,  so  that  merely  from  superposition  they  might  be  inferred 
to  be  stratigraphically  the  highest  members  of  the  Blair  and 
Straiton  (Wenlock)  series,  but  in  reality  they  appear  to  be 
inverted  like  the  strata  along  the  northern  margin  of  the  table- 
land of  Penwhapple  Glen,  and  they  are  followed  towards  the 
north  by  beds  yielding  fossils  of  Wenlock  age. 

In  illustration  of  the  general  structure  of  the  ground  in  which 
the  Caradoc  and  Llandovery  formations,  described  in  the  pre- 
ceding pages,  are  developed,  a  section  is  here  given  (Fig.  116) 
drawn  from  the  Old  Red  Sandstone  district  southwards  by 
Drummuck  across  theJ[Craighead  inlier,  the  valley  of  the  Girvan, 
and  Saugh  Hill,  to  the  valley  of  the  Stinchar  near  the  railway- 
station  of  Pinwherry. 

Wenlock  {BlaiTf  Knoekgardner,  and  Straiton  Beds), 

The  representatives  of  this  division  of  the  Upper  Silurian 
rocks  are  traceable  for  a  distance  of  four  miles  from  the  neigh- 
bourhood of  the  farm  of  Blair  to  the  village  of  Straiton — ^a  tract 
which  is  much  covered  with  superficial  deposits,  but  is  traversed 
by  several  small  streams  that  expose  the  strata. 

The  beds  which,  in  the  neighbourhood  of  Blair,  imme- 
diately succeed  the  Drumyork  Flagstones  coneist  of  greenish 
shales  which  weather  occasionally  with  a  yellowish  tint,  are 
associated  with  bands  of  greenish  greywacke  and  contain  thin 
seams  of  carbonaceous  shale  charged  with  graptolites.  Some 
good  exposures  are  met  with  in  the  Glenmartin  Bum — ^a 
tributary  of  the  Shiel  Bum — about  500  yards  east  of  Blair  Farm- 
house, where,  on  the  banks  of  the  stream  not  far  to  the  south  of 
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Glenmartia  Cottage,  green  and  carbonaceous  shales  with  flag- 
stones from  two  to  tiiree  inches  thick,  yield  graptolites  and 
orthoceratites.  Still  further  west,  a  quarry  on  the  south  side  of 
the  road,  about  150  yards  east  of  Blair  Farmhouse,  is  the  best 
locality  for  graptolites  in  the  Blair  and  Straiten  region.  Here 
the  beds  dip  to  the  S.S.E.  at  60^  and  consist  of  alternations  of 
green  and  grey  shales,  flagstones,  and  greywacke  bands.  The 
shales  are  variable,  some  being  fissile,  others  carbonaceous  and 
decomposing  with  a  yellowish  tint,  while  some  are  calcareous  and 
have  a  rough  irregular  fracture.  One  highly  fossilif erous  seam, 
about  eight  inches  thick,  yields  specimens  of  Monograptus 
vomerinus  in  abundance,  together  with  forms  many  of  which 
occur  in  the  Wenlock  rocks  of  Biccarton  and  Kirkcudbright. 
The  fossils  sfiven  in  the  annexed  list  have  been  collected  from 
this  quarry  by  the  Geological  Survey : 

Monograptus  gakteThsis  (Lapw.)  j   Entomia  globulosa  (Jones.) 


priodon  (Bronn.) 
riecartonenns  (Lapw.) 
vomerin/us  (Nich . ) 


>» 

»> 

i» 

„  sp. 

Retiolites  geinitzianMS  (Barr.) 

Favosites  sp. 

Beyrichia  Klosdeni  (M*Coy.) 

„        imptfndens  (Jones.) 


Eurypterus  sp. 

Lingula  8y7M)ndn{Balt.) 

Siphonotreta  anglica  (Morris.) 
Oardwla  fibrosa  (Sow. ) 
BeUerophon  sp. 
Orihoeeraa  suhunduXatum  (Portl.) 


Professor  Lapworth  has  also  recorded  Cyrtograptus  sp.  and 
BeUerophon  wenlockensis  &om  the  same  band. 

Again,  in  the  Lady  Bum,  between  Brownford  Bridge  and  the 
southern  margin  of  the  unconformable  Upper  Old  Red  Sand- 
stone, several  outcrops  of  strata  belonging  to  this  horizon, 
consist  of  flagstones,  blue  and  grey  shales,  and  occasional  grey- 
wackes.  From  these  beds  Professor  Lapworth  obtained  mono^ 
graptus  Flemingi,  if.  vomerinus,  Cyrtograptus  sp.,  and  Orthoceras 
suhundulatum. 

To  the  north-east,  in  the  neighbourhood  of  Knockgardner^ 
the  prolongations  of  these  strata  are  met  with  in  certain  artificia} 
exposures,  where  they  yield  organic  remains^  For  instance,  ii^ 
a  auarry  about  half  a  mile  west  of  Knockgardner  Farmhouses, 
ana  a  few  yards  north  of  the  road,  green  shales,  flagstones,  and 
grit  bands,  dipping  S.S.E.  at  83^,  furnish  specimens  of 

Beyrichia  KUxdeni  (M*Coy.) 
Primitia  sp. 
Gtenodonta  sp. 
Grcvmmysia  sp. 

Again,  in  another  opening  in  a  field  about  a  quarter  of  a  mile 
east  of  Knockgardner,  and  to  the  south  of  the  road,  fossils  occur 
in  great  abundance  in  some  of  the  grit  bands.  Here  the  strata 
consist  of  yellow- weathering  shales,  with  sandy  and  gritty  flag- 
stones from  two  to  nine  inches  thick,  and  dip  E.S.E.  at  hign 
angles  ;  the  gritty  flagstones,  where  not  decomposed,  have  a  grey 


Modiolopsis  sp. 

Orthonota  truncata  (M'Coy.) 

„        sp. 
Pterinea  pleuroptera  (Oonr.) 
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or  cream  colour,  but,  when  exposed  to  the  action  of  the  weather, 
have  a  brown  tint.  Among  the  weathered  debris  of  these  gritty 
flagstones  at  the  base  of  the  cliff,  casts  of  fossils  may  be  readily 
obtained.  The  following  species  have  been  here  collected  by  the 
Geological  Survey: 


FavosiUs  sp. 

PtUodictya  UmceokUa  (Goldf.) 

Comtdites  sp. 

Beyrichia  Klcedeni  (M*Coy.) 

Acidaspis  sp. 

Calymene  Bhimenbachi  (Brong.) 

Eiicrinurus  punctatua  (Biiin.) 

„  ,,  var.  arenaceus  (Salt.^ 

Phacops  (Acaate)  Doumingce  (Murch.) 

„       Stok^  (M.  Edw.) 
Proetus  Stokesi  (Murch.) 


Atrtfpa  reticxdaris  (Linn.) 
Leptoena  (PUctambonites)i^ranafoer8alx8 

(Wahl.^ 
Orthis  (Platystrophia)  biforata  (Schl.) 
Bouchardi  (Dav.) 
(Dalmanella)  degantvla  (Dalm.) 
(IMnoHhis)  fldbeUulum  (Sow.) 
„      rustica  (Sow.) 
Betzia  BarrancLei  (Dav.) 
Spirifera  sulcata  (His.) 
Orthoceras  sp. 


}* 


About  half  a  mile  still  further  east,  green  shales  and  thin 
gritty  flags,  visible  in  a  streamlet  running  south  from  Dyke 
Farmhouse  to  the  Cawin  Burn,  have  yielded  specimens  of 
Ptilodictyaj  Orthoceras  MacLa/reni,  0.  anffulatum,  and  eiicrinite 
stems.  Similar  strata  are  obsei-vable  in  the  Cawin  Biun,  which 
flows  eastwards  from  the  Gbeen  Hill  of  Knockgardner  to  the 
Girvan  Water  at  Straiten,  but  no  fossils  have  been  recorded  from 
these  exposures. 

The  remaining  sub-division  of  the  Wenlock  rocks  of  the  Blair 
and  Straiten  area  differs  to  some  extent  in  lithological  character 
from  the  strata  just  described,  inasmuch  as  it  contains  prominent 
bands  of  conglomerate  or  conglomeratic  sandstone.  Owing  to 
the  sinuous  nature  of  the  boundary-line  of  the  unconformable 
Upper  Old  Red  Sandstone  as  it  passes  transgressively  across 
successive  zones  of  the  Upper  Silurian  Bocks,  it  is  not  possible 
to  trace  continuously  the  conglomeratic  series.  But  the  beds 
are  visible  in  a  wood  and  in  a  streamlet  north  of  Cawin  Burn, 
north  of  the  road  leading  to  Knockgardner,  and  about  three- 
quarters  of  a  mile  west  of  the  village  of  Straiten,  where  they 
consist  of  purple  and  grey  conglomerates  and  flags,  associated 
with  green  shales  and  mudstones.  They  are  either  vertical  or 
highly  inclined  to  the  south-east,  thus  presenting  an  inverted 
dip  in  common  with  the  Upper  Silurian  rocks  of  the  rest  of  the 
surrounding  district.  About  two  miles  further  to  the  south- 
west, midway  between  Knockgardner  and  Kirkbride,  the  prolon- 
fations  of  tms  sub-zone  reappear  at  the  margin  of  the  Upper  Old 
led  Sandstone,  as  massive  conglomerate  and  grit  in  a  quarry 
now  abandoned. 
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CHAPTEE  XXTTL 


IV.    THE     SOUTHERN    BELT. 


VVENLOCK   AND   LUDLOW. 

Along  the  southern  margin  of  the  Silurian  Tableland  a  narrow 
belt  of  territory  is  occupied  by  rocks  of  Wenlock  and  Ludlow  age, 
which  rest  conformably  on  the  underlying  Tarannon  sediments 
to  the  north,  and  pass  underneath  the  Upper  Old  Red  Sandstone 
and  Carboniferous  strata  to  the  south.  A  small  development  of 
^hose  rocks  is  to  be  found  on  the  promontory  of  Burrow  Head, 

Test  of  Wigtown  Bay,^  their  extreme  south-westerly  limit. 
3?rom  where  they  reappear  on  the  shores  of  Kirkcudbright  Bay, 
eastwards  to  the  granite  mass  of  Bengaim,  ihey  occupy  a  strip 
of  ground  about  two  miles  and  a  half  broad.  From  the  margin 
of  the  Red  Sandstone  basin  at  Dumfries,  they  can  be  traced  as 
%n  irregular   belt,   about    five    miles    wide,   north-eastwards   by 

Lockerbie  to  Mosspaul,  and  thence  to  thje  Slitrig  Water,  which 
joins  the  Teviot  at  Hawick.  Beyond  these  limits  they  appear 
on  the  northern  slopes,  and  even  on  the  crest  of  the  Cheviots  as 
inliers  among  yoxinger  Palaeozoic  rocks,  ranging  from  the  Lower 
Old  Red  Sandstone  to  the  Carboniferous  systems. 

Burrow  Head,  Wigtownshire. — The  exposures  on 
this  rocky  headland,  though  difficult  of  access,  are  of  consider- 
able interest,  because  at  one  or  two  localities  the  finest  specimens 
of  Cyrtograptus  Murchisoni,  the  zonal  graptolite  of  the  Lower 
Wenlock  beds,  have  been  collected  by  the  Geological  Survey 
from  this  horizon.  A  further  attractive  feature  of  this  coast  is 
the  evidence  supplied  by  the  range  of  searcliffs  of  the  perfect 
passage  from  the  underlying  Tarannon  rocks  to  the  base  of  the 
Wenlock  formation. 

The  shore  section  from  the  Isle  of  Whithorn  southwards, 
affords  a  typical  development  of  the  Hawick  Rocks,  which  there 
consist  of  alternations  of  greenish  greywackes,  mudstones,  and 
green  and  grey  shales,  with  zones  of  purple  shales.  The  grey- 
wackes become  more  massive,  till  near  Morrach  Farmhouse 
flaggy  greywackes  alternate  with  zones  of  mudsiones  and  shales, 
the  whole  series  being  repeated  by  normal  and  isoclinal  folds. 
The  general  dip  of  the  strata  and  of  the  ftidal  planes  of  the 
flexures  is  towards  the  south-east. 

Immediately  to  the  south  of  Morrach  Farmhouse  this 
series  is  succeeded  by  green  and  grey  greywackes  and  shales 
with  bands  of  dark  graptolite  shales,  similar  to  those  which  are 
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80  well  developed  on  the  shores  of  Kirkcudbright  Bay,  to  be 
referred  to  presently.  At  a  point  on  the  coast,  named  "The 
Thieves'  Hole"  on  the  six-inch  map,  half  a  mile  north-east  of 
Burrow  Head,  the  graptolite  shales  appear  at  the  base  of  the 
cliff,  interbedded  with  grey  shales  and  greywackes,  and  dipping 
towards  the  south-east  at  an  angle  of  about  70°.  Traced  along 
the  strike  towards  Buitow  Head,  these  shales  are  seen  at  the 
"  Devil's  Bridge "  and  one  or  two  other  accessible  points,  where 
they  yield  a  similar  assemblage  of  graptolites. 

The  best  place  for  collecting  graptolites  will  be  found  on  the 
shore  about  400  yards  west  from  Burrow  Head,  and  about  100 
yards  west  from  an  old  fort,  now  in  ruins,  where  the  f ossilif erous 
band  dips  towards  the  south-east  at  high  angles,  and  is  associ- 
ated with  greywackes  and  grey  argillaceous  shales.  Here  fine 
specimens  of  Cyrtograptus  Murchtsoni  can  be  obtained.  The 
fossils  given  in  the  annexed  list  have  been  collected  from  this 
exposure  by  the  Geological  Survey : 

Cyrtograptus  Murchisoni  ^Carr.)  Retiolites  geinUziantis  (Barr.) 

Carruthersi  {jj&pw.)  .    Heliolitesll) 


»  -     - 

Monograptus  Flemingi  (Salter.) 

„  priodon  (Bronn.) 

„  wmierinus  (Nich.) 


Crinoid  stems. 
Aptychopsis  elongcUa  (Jones.) 
Ceratioca/ria  sp. 
Orthoceras  sp. 


District  between  the  Dee  and  the  Nith. — 
From  the  Geological  Map  of  the  Silurian  Tableland,  which 
accompanies  this  volume,  it  will  be  seen  that  the  representatives 
of  the  Wenlock  and  Ludlow  rocks  of  the  Silurian  system  occur 
on  both  sides  of  Kirkcudbright  Bay,  whence  they  stretch  east- 
wards by  Dundrennan  to  the  granite  of  Bengaim.  A  strip  of 
altered  strata  belonging  to  the  same  series  is  traceable  along  the 
shores  of  the  Solway  Firth  to  the  hill  slopes  south-east  of  CrifiEel. 
The  character  of  the  rocks  is  admirably  seen  on  the  coast  sections, 
specially  on  the  east  side  of  Kirkcudbright  Bay,  and  onwards  to 
White  Port,  where  they  are  unconformably  overlain  by  the 
basement  breccias  of  the  Lower  Carboniferous  series. 

The  strata  may  be  grouped  in  two  sub-divisions,  given  here  in 
descending  order: 

(6)  Green  and  olive  shales  with  limestone  nodules,  grey 
sandy  flags,  and  thin-bedded  greywackes,  with  occasional  bands 
of  fossiliferous  grit  and  conglomerate. 

(a)  Yellow  and  brown-crusted  greywackes  and  grits,  with  flags 
and  shales.  The  chief  characteristic  of  this  group  is  the  con- 
stant occurrence  in  it  of  dark  shales  charged  with  graptolites. 

The  members  of  the  lower  group  (a)  occur  on  both  sides  of 
Kirkcudbright  Bay.  On  the  eastern  shore  they  extend  from 
the  base-line  at  Long  Robin  to  near  the  mouth  of  Balmae  Bum, 
presenting  a  constant  repetition  of  well-bedded  greywackes,  grits, 
and  flags  with  pale  and  dark  coloured  shales.  On  weathered 
surfaces,  the  greywackes  have  a  brown  tint;  in  fresh  fracture 
they  are  grey  and  blue.     The  average  thickness  of  each  bed 
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varies  from  one  to  two  and  sometimes  to  three  feet.  The  pale- 
coloured  shales  are  argillaceons,  and  are  frequently  ^cleaved, 
the  cleavage-planes  trending  in  the  same  general  direction  as 
those  of  the  Hawick  type  of  the  Llandovery  group  already 
described.  The  graptolite  bands  differ  lithologically  from  the 
black  shales  of  the  MofiEat  series.  Weathering  with  a  dark  brown 
crust,  they  have  a  dark  colour  on  fresh  fracture,  and  also  a  fibrous 
texture.  They  sometimes  occur  in  zones  from  ten  to  twelve 
feet  in  breadth ;  and,  on  the  other  hand,  it  occasionally  happens 
that  thin  leaf-like  seams,  charged  with  graptolites,  alternate 
•with  the  barren  pale-coloured  shales  and  flags  of  the  group.  At 
one  locality,  on  the  shore  near  Witchwife's  Haven,  about  half 
a  mile  south  of  Lonff  Robin,  limestone  nodules  occur  in  one  of 
these  graptolite  bands. 

This  lower  sub-division  of  the  Wenlock  beds  is  repeated  by 
rapid  folds,  as  was  long  ago  pointed  out  by  Professor  Harkness.* 
The  plications  are  so  numerous  that  no  well-marked  axis  can  be 
traced  inland  from  the  shore.  Indeed,  from  the  frequent  changes 
of  dip,  it  is  evident  that  the  various  outcrops  of  graptolite-shale 
are  merely  repetitions  of  a  few  bands.  Towards  the  south,  in  the 
broader  synclinal  folds,  the  members  of  the  overlying  sub- 
division are  to  be  found.  The  exposures  of  the  graptolite-shale 
group  on  the  cliff  at  Clinking  Cove,  west  of  Baeberry  Castle,  and 
again,  still  further  to  the  south-east,  in  MuUoch  Bay,  are 
evidently  due  to  anticlinal  folds,  the  intervening  areas  being 
occupied  by  younger  strata- 
Few  species  of  graptolites  occur  in  the  graptolitic  bands. 
They  include  Monograijiiis  vomerinus,  M,  priodonf  M.  riccar" 
toneiisisy  M,  colonus  (?),  M.  Flemingi,  Cyriograptus  Murchisoni, 
and  Retiolites  geinitziaiius.  Fragments  of  crustaceans  and 
orthoceratites  are  associated  with  the  graptolites.  The  carapace 
of  a  crustacean — Aptychapsis  oblata  (Jones) — was  found  in  one 
of  the  graptolite-bands  immediately  to  the  south  of  Torres  Cove 
Bay.  Many  of  the  orthoceratite  remains  are  so  fragmentaiy  that 
the  species  are  hardly  determinable.  The  best  specimens  have 
been  obtained  near  the  Witchwife's  Haven,  Torr's  Point,  and 
Balmae  Haven.  The  strata  associated  with  the  graptolite-bands 
have  hithei^to  yielded  no  organic  remains. 

The  members  of  the  lower  sub-division  also  occur  on  the  west 
side  of  Kirkcudbright  Bay,  round  the  shores  of  Balmangan  and 
Falbogue  Bays,  in  the  peninsular  tract  of  Meikle  Ross  and  in  the 
island  of  Little  Ross.  Here,  also,  they  present  the  same  features 
as  those  already  indicated^  and  they  have  yielded  similar  organic 
remains.  Near  the  base,  on  the  shore,  one-third  of  a  mile  north 
of  Balmangan  Bay,  Cyrtograptus  Murchisoni  is  one  of  the  charac- 
teristic forms. 

The  graptolite-bearing  group  has  been  traced  from  the  east 
shore  of  Kirkcudbright  Bay  to  the  contact  zone  round  the  granite 
of  Bengaim.    At  various  places  throughout  this  belt  of  ground, 

*  Quart.  Jour.  Gool.  Soc.,  vol.  ix,,  p.  188. 
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fraptolites  have  been  obtained  from  the  dark  bands.  No  fossils 
ave  been  exhumed  from  the  strip  of  altered  Upper  Silurian 
strata  along  the  Colvend  shore ;  but  graptolites  and  orthoceratites 
have  been  found  in  the  Wenlock  beds  in  the  Kirkbean  Bum  to 
the  south-east  of  Crifiel. 

The  members  of  the  higher  group  (6)  are  admirably  seen 
on  the  shore  between  the  mouth  of  Balmae  Bum  and  Howell 
Bay,  along  the  Raeberry  cliffs,  and  between  Mulloch  Bay  and 
White  Port.  The  most  prominent  among  them  are  green  and 
olive  shales,  with  fossiliferous  limestone-nodules  and  ripple-  ^ 
marked  sandy  flags.  These  are  occasionally  associated  with 
sandstones,  grits,  and  bands  of  fossiliferous  conglomerate.  They 
seem  to  have  been  deposited  in  shallow  water  on  a  shelving 
platform,  subject  to  gentle  earth-movements.  The  fossiliferous 
brecciated  conglomerates,  intercalated  with  the  olive  shales,  are 
evidently  old  beach-deposits.  The  gradual  thinning  out  of  the 
sandstones  and  grits,  and  the  overlapping  oi  the  flags  and  shales, 
point  to  repeated  changes  in  the  distribution  of  the  materials  bv 
currents  along  the  shore. 

From  the  small  trough  north  of  Gipsy  Point,  the  f bllo^^ing  is  the 
arrangement  of  the  sti-ata,  between  the  Balmae  Bum  and  the 
reappearance  of  the  graptolite-bearing  bands  in  Howell  Bay. 
Immediately  to  the  north  of  the  mouth  of  Balmae  Bum,  a  fault 
occurs  with  a  down-throw  to  the  west.  On  the  east  side  of  this 
fault,  the  strata  consist  of  brown-crusted  greywackes,  shales, 
flags,  and  graptolite-bands,  dipping  to  the  south-east  at  70°. 
These  are  succeeded  by  green  fissile  shales,  with  bands  of  flaggy 
shale  from  two  to  three  inches  thick.  For  a  short  distance  the 
beds  are  inclined  to  the  north  at  high  angles,  being  here 
inverted,  but  they  soon  dip  to  the  south-east  at  an  angle  of 
80°  till  at  the  mouth  of  Balmae  Bum  they  pass  underneath 
a  lenticular  band  of  fine  conglomerate,  which  may  be  the 
attenuated  representative  of  the  fossiliferous  conglomerate  at 
Gipsy  Point,  on  the  south  side  of  the  trough. 

Southwards,  this  conglomerate  is  overlain  by  olive  shales  and 
flags,  intersected  with  veins  of  calcite,  whicn,  within  a  short 
distance,  have  a  return  dip  to  the  north-west  at  high  angles. 
Here  a  zone  of  finely  laminated  olive  shales,  with  limestone- 
nodules,  is  exposed  on  the  shore,  succeeded  by  ripple-marked 
greywackes,  flags,  and  shales,  graduating  into  the  coarse  grits 
and  conglomerates  at  Gipsy  Point.  At  this  locality  some 
excellent  examples  of  the  gradual  thinning  out  of  bands  of  grit 
are  visible  on  the  beach  and  on  the  cliff.  Two  outcrops  of  con- 
glomerate at  this  headland  lie  about  70  yards  distant  from  each 
other.  The  matrix  of  the  rock  is  a  grey  grit,  in  which  are 
embedded  pebbles  of  greywacke  and  grit,  with  angular  pieces  of 
shale  and  rounded  grains  of  quartz.  The  north  band  of  conglo- 
merate has  yielded  casts  of  Pterinea  and  Petraia ;  and  the  south 
band  Petraia  ehngata,  Favosites,  casts  of  Heliolites.  Sptriferay 
Ptilodictya,  Cornulites,  and  a  fragment  of  a  trilobite. 

Between  these  outcrops  of  fossiliferous  conglomerate  lies  a 
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zone  of  gnarled  green  shales  containing  lenticular  patches  of 
coarse  grit  and  numerous  nodules  of  limestone,  which  measure 
from  a  few  inches  to  a  foot  across,  and  have  yielded  some  of  the 
best- preserved  fossils.  Similar  shales  reappear  on  the  south  side 
of  the  southern  outcrop  of  conglomerate  at  Gipsy  Head,  veined 
abundantly  with  carbonate  of  lime.  They  dip  to  the  north-west 
at  angles  of  from  83°  to  88°,  and  can  be  traced  along  the 
shore  to  the  centre  of  Howell  Bay.  Among  the  fossils  obtained 
from  the  limestone-nodules  may  be  mentioned  Orthoiwta,  Murchi- 
sonia  ohscura,  Ctenodanta,  Gucullella,  and  Bellerophon  trthbatus. 

In  the  centre  of  Howell  Bay  this  group  of  olive  shales,  with 
limestone-nodules  and  fossiliferous  conglomerates,  is  brought 
into  conjunction  with  the  underlying  graptolite-bearing  group 
by  means  of  a  fault  with  a  down-throw  to  the  west.  Here  the 
strata  are  traversed  by  ^several  small  faults  which  have  interfered 
with  the  natural  stratigraphical  sequence.  On  the  cliff  on 
the  east  side  of  the  bay,  tne  graptolite-o earing  beds  are  inclined 
to  the  north-west ;  while  east  of  the  headland,  towards  Clinking 
Cove,  the  prevalent  dip  is  to  the  south-east.  These  beds  are 
apparently  brought  to  the  surface  along  an  anticlinal  fold  trace- 
able eastwards  to  the  centre  of  the  bay  west  of  Raeberry  Castle. 
The  strata  consist  of  brown-crusted  greywackes  with  shaly  part- 
ings, and  the  characteristic  graptdite-shales.  The  latter  are 
best  seen  at  Brandy  Craig  on  the  east  side  of  Howell  Bay,  where 
they  have  yielded  specimens  of  Monograptus  vomerinus  and 
Dictyocaris,  The  occurrence  of  Monograptus  vomerinus  close 
to  the  olive  mudstones  and  shales  with  limestone  nodules  is 
worthy  of  note,  as  it  is  one  of  the  forms  that  occur  in  the  higher 
graptolite-bands  in  the  Wenlock  group  of  the  South  of  Scotland. 

In  the  centre  of  the  bay,  west  of  Raeberry,  the  graptolite- 
bearing  group  is  much  disturbed  by  faults,  and  has  been  thrown 
into  a  series  of  sharp  folds.  It  is  traversed  by  a  number  of 
intrusive  dykes,  of  which  only  a  few  could  be  engraved  on  the 
one-inch  map.  On  the  east  side  of  the  bay,  the  strata  have  a  per- 
sistent dip  to  the  south-east,  in  the  direction  of  Raeberry  Point, 
where  they  consist  of  ripple-marked  micaceous  sandstones,^  flags, 
and  olive  shales.  The  thinning  out  of  the  gritty  sandstones  is 
well  displayed  on  the  beach  at  this  locality,  and  occasionally 
small  seams  and  pockets  of  sand  may  be  observed  in  the  shales. 
At  Raeberry  Point  a  beautiful  specimen  of  Orthoceras  Etheiidgei 
(Blake)  was  found  in  the  flaggy  shales  with  limestone-nodules  ; 
indeed,  upwards  of  fourteen  examples  of  this  species  were  here 
obtained.  Professor  Harkness  also  found  specimens  of  Tere- 
bratula  lacunosa  and  T.  semisulcata. 

From  Raeberry  Point  eastwards  to  the  mouth  of  Dunrod  Bum, 
the  shore  affords  a  continuous  section  of  grey  flaggy  sandstones, 
in  beds  averaging  from  six  to  twelve  inches  in  thicKness,  flaggy 
shales,  and  green  fissile  shales.  A  zone  of  olive  shales  witn 
small  limestone  nodules  occurs  immediately  to  the  west  of  Robb's 
Craigs,  in  the  centre  of  which  a  band  of  coarse  grit  forms  a 
prominent  feature  on  the  beach.     A  striking  characteristic  of 
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the  sandstones  and  flags  on  the  beach  at  Baebeny  is  the  prd* 
valence  of  ripple  marks.  The  clifEs  display  excellent  examples 
of  rapid  folds  and  inversions,  and  of  variations  in  direction  of 
dip  along  the  same  line  of  strike. 

The  strata  just  referred  to  are  not  prolonged  eastwards  into 
Mulloch  Bay,  in  the  centre  of  which  the  graptolite-bearing  strata 
appear,  forming  skerries  on  the  beach.  Well  preserved  grapto- 
lites  have  here  been  obtained  from  the  dark  bands  associated 
with  the  greywackes.  It  is  evident,  therefore,  that  a  fault  inter- 
venes with  a  downthrow  to  the  west,  separating  the  graptolite 
shales  from  the  Raeberry  Castle  beds. 

The  section  exposed  on  the  beach  from  the  mouth  of  the 
Quartercake  Bum  on  the  side  of  Mulloch  Bay,  south  to  Nether- 
law  Point  and  onwards  to  White  Port,  closely  resembles  that 
between  the  mouth  of  the  Balmae  Bum  and  Howell  Bay  already 
described.  The  beds  are  inclined  to  the  west  of  north,  and  there 
is  a  similar  descending  series  from  the  olive  shales  with  lime- 
stone-nodules at  the  mouth  of  the  Quartercake  Bum  to  the  fos- 
silif  erous  conglomerate  and  associated  shales  at  Netherlaw  Point. 
At  the  White  Port  the  green  shales  have  been  reddened  by  the 
infiltration  of  iron  oxide  from  the  overlying  red  breccias  at  the 
base  of  the  Carboniferous  system. 

The  members  of  the  upper  sub-division  are  also  exposed  at 
Abbey  Bumfoot,  in  the  lower  reaches  of  the  Abbey  and  Nether- 
law  Bums,  and  also  in  the  Dunrod  Bum  north  of  Burnside.  A 
band  of  fine  brecciated  conglomerate,  exposed  at  the  farmhouse 
of  Little  Balmae,  has  yielded  the  following  organic  remains : 


Petraia  elongcUa  (Phill.)  Ptilodictya  sp. 

„       Una  (Lons.)  Phacops  cauaatua  (Briin.) 

Favosites  sp. 

Stenopora  {Favosites)  fibrosa  (Goldf.) 
Syringopora. 
Heluiites  sp. 

Encrinite  stems.  .   Pterinea  sp. 

Comulites  sp.  !   Murchisonia  sp. 


Spirifera  sp. 
L^Uena  sericea  (Sow.) 
Orihis  calligramma  (Dalm.) 
,,      Bauchardi  (Dav.) 


In  a  review  of  the  paleeontological  evidence  obtained  from  the 
strata  overlying  the  Tarannon  Bocks  in  Kii'kcudbright  Bay,  it 
is  clear  that  the  graptolites,  though  numbering  few  species,  are 
of  great  service  for  purposes  of  correlation.  The  fossils  col- 
lected by  Mr.  Fleming  and  the  Ercv.  Mr.  Underwood,  and  for- 
warded to  the  Geological  Society  of  London  by  the  Earl  of 
Selkirk,  led  Mr.  Salter  to  the  conclusion  that  the  strata  are  of 
Wenlock  age — a  view  which  was  confirmed  by  the  evidence 
obtained  by  Professor  Harkness.  There  can  be  no  doubt  that 
the  graptolite-bearing  group  belongs  to  this  division  of  the 
Silurian  system.  As  already  indicated,  the  lowest  graptolite- 
band  on  the  west  side  of  Kirkcudbright  Bay  yields  Cyriograptus 
Murchisoni,  and  the  highest  bands  in  con^t  with  the  olive 
shales  with  limestone-nodules,  Monograptus  vomerimts.  But 
from  some  of  the  fossils  obtained  from  the  limestone-nodules,  it 
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is  probable  that  the  upper  group  (6),  comprising  the  olive  shales, 
may  be  of  Ludlow  age. 

District  between  Dumfries  and  Langholm. — 
Throughout  the  area  which  stretches  from  the  Bed  Sandstoae 
basin  of  Dumfries  north-eastwards  by  Lockerbie  to  the  pastoral 
district  north  of  Langholm,  a  zone  of  massive  grits  has  been 
traced  at  the  base  of  the  Wenlock  formation  that  indicate  a 
slight  change  in  physical  conditions  from  those  which  prevailed 
during  the  deposition  of  the  Hawick  type  of  rocks.  The 
dominant  memters  of  tiiis  zone  are  brown-crusted  greywackes, 
flags,  and  shales  with  dark-brown  graptolitic  shales.  Indeed, 
the  presence  of  these  constantly  recurring  fossiliferous  shales 
is  the  characteristic  feature  of  the  fi;roup. 

The  lowest  band  of  graptolite  shale  above  the  base  of  the 
formation,  about  a  foot  in  thickness,  has  been  traced  for  several 
miles  along  the  southern  slope  of  the  valley  of  the  Stennies 
Water,  which  joins  the  Esk  about  six  miles  north-west  of  Lang- 
holm (Sheet  10,  of  the  Survey  Map),  where  it  is  highly 
fossiliferous,  the  characteristic  graptolite  being  Cyriograptus 
Murchisoni.  In  a  streamlet  east  of  Nether  Stennies  Water,  6i 
miles  N.N.W.  of  Langholm,  the  following  fossils  were  coUectea 
from  this  band : 


SfrtograptuB  Murchiaoni  (Carr.) 
onogra^i/ua  vomeriwua  (Nich.) 
Aptychopsia  WUsoni  (Woodw.) 
Ciikis  reveraa  (Salter.) 


Hyolithes  (Theca)  reverms  ?  (Salter.) 
Orthoceraa  Nicholianum  (Blake.) 
Heliolitea  intentinctua  (Linn.) 


Owing  to  the  plication  of  the  strata  this  fossiliferous  band  is 
again  brought  to  the  surface  upwards  of  a  mile  to  the  south-east 
of  the  outcrop  just  referred  to,  near  the  head  of  Eig  Bum,  about 
five  miles  N.N.  W .  of  Langholm,  where  it  has  yielded : 


Ourtograptua  Murchiaoni  (Carr.) 
Monograptua  vomerinua  (Nich.) 
priodon  (Bronn.) 
Barrandei  (TuUb.) 
eodgtma  (Nich.) 


»» 


»» 


ReHolUea  geinitziamta  (Barr.) 
Aptychopaia  ovata  (Jones  &  Wood- 
ward.) 
Ceraiiocaria  sp. 
Orthia  reveraa  (Salter.) 


Again,  near  the  head  of  Woolfhope  Bum,  Ewes  Water,  the 
following  species  were  obtained  from  the  same  band  of  graptolitic 
shale : 


Oyrtograptua  Murchiaoni  (Carr.) 

„  sp. 

Monograptua  vomerinua  (Nich.) 
Betiditea  geinitzian/ua  (Barr.) 
Orthia  reveraa  (Salter.) 


Aptychopaia  ovata  (Jones  &  Wood- 
ward.) 

Orthoceraa  annvlatum  (Sow.) 
„         sp. 


Far  to  the  south-west,  on  the  west  bank  of  the  Corrie  Water, 
a  tributary  of  the  Water  of  Milk,  near  South  Corrielaw,  this  band 
has  been  detected,  as  indicated  in  Sheet  10.     It  has  there  yielded 
Monograptus  vomerinus,  M.  galaensis,  M.  priodon,  Orthoceras  annula- 
<wm,  and  Orthoceras  sp. 
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Higher  up  in  the  series,  other  bands  of  graptolite-shale  occur, 
which  individually  sometimes  reach  a  thickness  of  50  feet^  but 
they  are  not  so  fossiliferous  as  the  band  just  referred  to.  From 
an  exposure  of  one  of  these  higher  bands  in  the  course  of  the 
Annan,  at  Linkmill,  Dormont  House,  four  miles  south  of 
Lockerbie,  the  fossils  given  in  the  annexed  list  were  obtained : 

M<Mograptus  priodon  (Bronn. )  Orthis  (Dinorthis)  flaheUidum  (Sow. ) 

,,  riccartonensis(L&pw.)  Otihoceras  sp, 

Ceratiocaris  inceq^iialu  ?  (Barr.) 

Yet  again,  another  exposure,  in  the  Gimmenbie  Bum,  Milk 
Water,  near  Gimmenbie  Mains,  three  miles  south-east  of 
Lockerbie,  furnished: 

Cijrtoffraptus  up.  |    Ceratiocaris  papilio  (Sfdter.) 

Manocfraptwi  priodon  (Bronn.)  |    Oiihocercut  with  central  Hiphuncle. 


>» 


riccartonensis  (Lapw.)  „  sp. 


Owing  to  thfe  intense  folding  of  the  strata,  it  has  not  been 
possible  to  fix  the  exact  number  of  the  bands  of  graptolitic 
shale  in  the  district  now  under  description.  As  yet  the  fine  olive 
shales  with  limestone  nodules  overlying  this  series  in  the  shore 
section  south  of  Kirkcudbright  have  not  been  detected  between 
Dumfries  and  the  valley  of  the  Esk.  On  the  hill  slope,  how- 
ever, above  Langholm  Lodge  at  Wrae  Hill,  and  also  in  the 
Ewes  Water,  a  bed  of  fossilif eroiLs  grit  has  been  found  to  contain 
fragments  of  crinoids,  corals,  and  brachiopods  in  an  imperfect 
state  of  preservation,  like  the  band  at  Gipsy  Point,  Kirkcudbright. 
Throughout  the  region,  between  Dumfries  and  Langholm, 
isoclinal  folding  prevails,  giving  rise  to  constant  reduplication 
of  the  strata,  with  a  general  south-easterly  dip.  One  of  the  best 
examples  of  this  phenomenon  occurs  at  Langholm  Lodge,  in  the 
bend  of  the  Esk  opposite  the  ancestral  domain,  where  the 
graptolitic  shales  have  been  rudely  cleaved. 

District  between  Langholm  and  the  River  Jed. — 
The  Wenlock  and  Ludlow  Rocks  of  the  Border  territory 
naturally  fall  into  three  sub- divisions,  which  are  here  given  in 
descending  order. 

(c)  Green  mudstones  and  marly  beds,  with  nodular  calcareous 
bands,  similar  to  the  Raeberry  Castle  group  on  the  Kirkcud- 
bright shore. 

(6)  Grey,  green,  and  brown,  often  purple-stained  mudstones 
and  shales,  frequently  occurring  in  thick  zones,  with  greywackes 
and  grit  bands,  some  of  which  are  ma.ssive  and  pebbly.  The 
characteristic  feature  of  this  sub-division  is  the  occurrence  of 
dark-bro>\Ti  fiaggy  shales  charged  with  graptolites,  oHhoceratites, 
phyllopod  crustaceans,  and  sometimes  Eurypterids,  These 
brown  bands  vaiy  in  thickness  from  seams  interleaved  in  grey 
shales  to  zones  fifty  feet  in  thickness.  The  pebbly  grits  usually 
contain  fragments  of  brachiopods,  corals,  crinoids,  &c. 
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(a)  Greenish  grey  flaggy  grits,  separated  by  gi'ey  shale  bands, 
some  of  which  are  crowded  with  Crossopodia,  j^emertites,  and 
other  tracks,  resembling  those  found  in  the  Hawick  Bocks.  The 
members  of  this  group  pass  conformably  downwards  into  the 
Tarannon  strata  of  Hawick. 

Beginning  with  the  lowest  sub-division  (a),  we  find  the  grits 
along  the  northern  margin  of  the  Wenlock  area,  where  they  form 
a  belt  of  high  ground  about  a  mile  broad,  rising  to  a  height  of 
upwards  of  1950  feet.  They  probably  reappear  as  inliers  on  the 
crests  of  the  anticlines  among  the  members  of  the  overlying  sub- 
division (b) ;  as,  for  instance,  along  the  northern  slopes  of  Cauld- 
cleuch  Head,  by  Langtae  Hill,  Anton  Heights,  to  Frodaw 
Height,  which  is  indeed  the  most  prominent  mass  of  elevated 
ground  on  the  south-west  part  of  Sheet  17,  of  the  Survey  Map, 
and  the  north-west  comer  of  Sheet  11.  At  one  locality  on  the 
Slitrig  Water,  immediately  below  Stobs  Castle,  the  shales  and 
the  surfaces  of  the  greywackes  of  this  sub-division  are  crowded 
with  tracks. 

With  the  exception  of  the  tracts  just  refened  to,  nearly  the 
whole  of  the  remainder  of  the  Wenlock  and  Ludlow  areas 
between  Langholm  and  Oxnam  is  floored  by  the  members  of  the 
middle  sub-division  (h).  The  graptolitic  shales  constantly 
reappear  throughout  this  region  and  yield  some,  if  not  all,  of  the 
characteristic  forms.  Though  the  localities  from  which  the 
fossils  have  been  obtained  are  now  manv  miles  distant  from  each 
other  across  the  strike  of  the  beds,  yet  it  is  highly  probable  that 
the  various  outcrops  are  merely  repetitions  by  folding  of  two  or 
three  bands.  There  is  abundant  evidence  of  isoclinal  folding. 
Along  the  northern  edge  of  the  Wenlock  series  the  members  of 
the  lowest  sub-division  (a),  together  with  the  underlying  Taran- 
non strata,  are  isoclinally  folded,  the  dip  of  the  axial  planes 
being  towards  the  south-east  at  angles  varying  from  30°-80 
South  of  this  belt  lies  a  broad  area  where  the  axial  planes 
of  the  flexures  are  nearly  vertical,  while  still  further  south,  as, 
for  instance,  near  Langholm,  they  have  a  persistent  dip  to  the 
south-east. 

Of  the  numerous  fossiliferous  localities  between  Langholm 
and  Oxnam,  a  few  may  sufiice  for  special  reference,  in  order 
to  show  the  persistent  similarity  of  the  assemblage  of  organic 
remains.  One  of  the  best  is  certainly  that  at  Stobs  Castle  Gate, 
at  the  junction  of  a  small  tributary  with  the  Slitrig  Water,  four 
miles  south  of  Hawick,  where  the  graptolitic  shale  has  yielded 
the  following  forms : 


Oyriogra'ptus  Murckisoni  (Carr.) 

„  Carruthersi  (Lapw.) 

Monograptus  priodon  (Bronn.) 
vom^nus  (Nich.) 


Retiolites  geinitztanus  (Barr.) 
Aptychopsia  ovata  (Jones  &   Wood- 
ward.) 
Ceratiocaris  papilio  (Salt.) 
sp.  Eurypterus  sp. 

About  a  mile  south  of  Stobs  Castle,  the  Slitrig  Water  is 
joined  from  the  west  by  the  Penchrise  Bum,  in  which  the  grap- 
tolitic shale  has  furnished  the  following  fossils ; 
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Oyrtograptu8  Murchisoni  (Carr.) 
„  Oarrutheni  (Lapw.) 

Monograptus  priodon  (Bronn.) 

„  rieearUmen^is  (Lapw . ) 


i»         sp 
„  vomerinua  (Nich.)  '  „         sp 


Aptychopais  ovata  (Jones  &  Woodw.) 
Orihoeeras  annvlatum  (Sow.) 
„         smooth  variety. 


:S 


In  a  streamlet  at  the  head  of  Skelfhill  Burn,  a  tributary  of  the 
Allan  Water,  about  nine  miles  S.S.W.  of  Hawick,  the  graptolitic 
shale  has  yielded  the  following  forms : 


Plant  remains. 

Oyrtograptua  Murchisoni  fCarr.) 

„  Carrutherai  (Lapw.) 

Monograptus  priodon  (Bronn.)  Discinocaru  sp. 

„  riccartonenMs  (Ijapw.)  Orthocercu  sp. 

„  vomerinus  (Nich.) 


Dictyonema  sp. 
Aptychopsts  sp. 
Ceratiocaria  sp. 


Again,  from  an  exposure  of  graptolitic  shale  in  the  Priest- 
haugh  Burn,  which  joins  the  Allan  Water  below  Skelfhill,  about 
eight  and  a  half  miles  S.S.W.  of  Hawick,  the  fossils  given  in 
the  annexed  list  have  been  obtained : 

(}yrtograptus  Murchisoni  (Carr.)  Aptychopsis  ovata  (Jones  &  Woodw.) 

„  sp.  Crustacean. 

MonograpUis  priodon  (Broim,)  Linguloid  shell. 

„  riccoHonensis  (Lapw.)  I    Oyrtoceras  sp. 

„  8p.  I    Chihoceras  sp. 

Similar  lists  might  be  quoted  from  many  other  localities  over 
this  belt  of  countiy. 

Reference  has  already  been  made  to  the  occasional  presence 
of  fossiliferous  grits  in  this  sub-division,  of  which  the  band  near 
Langholm  Lodge  is  an  example.  Another  instance  occurs  at  a 
waterfall  at  Caulkerton  Grain,  five  miles  N.N.W.  of  Newcastle- 
ton,  where  the  following  fossils  were  obtained:  Favosites  goth- 
landicus,  Glyptocrinus  basalts,  IlelioliteSf  and  a  crinoid  stem. 

Inlier  of  Riccarton  and  Wolfelee. — The  strata 
included  in  this  inlier  (Sheet  17),  form  a  belt  rather  more  than 
two  miles  in  width,  extending  from  Doorpool,  about  a  mile  and  a 
half  east  of  Hobkirk  on  the  Rule  Water  to  Arnton  Fell  two  miles 
south-west  of  Riccarton  Junction.  In  the  north,  the  strata  are 
bounded  by  the  unconformable  Upper  Old  Red  Sandstone,  with 
which  they  foim  a  most  iiTegular  junction.  Their  south-east 
and  north-west  boundaries  are  defined  chiefly  by  two  large  faults, 
between  which  and  the  Silurian  strata  patches  of  Old  Red  Sand- 
stone rocks  make  their  appearance  as  overlying  masses.*  The 
best  exposures  occur  in  Wolfelee  Bum  and  Peden's  Cleuch.  In 
the  former  they  consist  chiefly  of  thin  bedded  blue  and  grey 
greywackes  and  grey  shales ;  in  the  latter  similar  beds  are  laid 
open,  some  of  the  finer-grained  shales  and  greywackes  showing 
obscure  cleavage.     Some  of  the  greywackes  are  coarse-grained, 

•  The  Silurian  inliers  on  the  slopes  of  the  Cheviots  were  mainly  surveyed  by 
Professor  James  Geikie,  whose  descriptive  notes  are  incorporated  in  the  account  here 
gfiven  of  the  straUi. 
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and  pass  into  conglomerates.  The  coarse  grits  contain  rounded 
pebbles  of  white  and  brown  quartz,  many  of  which  measure  three 
and  six  inches  across,  and  they  likewise  pass  into  conglomerates 
with  water-worn  fragments  of  quartz,  mudstone,  shale.  Here 
and  there  the  greywackes  are  purplish  in  colour,  while  the 
shales  are  now  and  again  green.  The  beds  are  frequently 
vertical,  but  have  a  general  inclination  to  south  and  south-east. 

Various  bands  of  graptolitic  shale  appear  in  several  burns  to 
the  south  of  Hyndlee,  where  they  yield  fossils  similar  to  those 
in  the  graptolitic  shale  to  the  north.  One  example  may  hen* 
be  quoted,  from  the  Kim  Cleuch,  Hyndlee  Bum,  about  four 
miles  south  of  Hobkirk,  where  Cyriografius  Camdhersi,  Mwxo- 
graphts  rirxartoneTms,  Eefioliies  geinitzianus,  and  Orthoceras  suhun- 
dntaiiim  were  obtained, 

In  the  south-western  portion  of  this  inlier  near  Riccarton 
Junction,  similar  evidence  is  obtained  of  the  intercalation  of 
graptolitic  shales  with  greenish  greywacke,  grits,  and  mudstones, 
which  are  isoclinally  folded,  the  general  inclination  of  the 
axial  planes  being  to  the  south-east.  From  a  band  of  graptolitic 
shale  m  the  railway  cutting  at  Riccarton  Junction  the  following 
forms  were  collected,  viz. :  Cyrtograpivp,  Jlonograptus  vomerinus^ 
M,  riccartonensis,  M,  jyriodon,  Btctyocaris  Ramsayi,  and  Orthoceras, 
From  an  exposure  in  the  bum  at  Riccarton  Junction,  Mcmographia 
vomerinus,  M.  Riccartonensify  M.  priodon^  and  Orthoceras  were 
gathered,  and  in  the  Riccarton  Bum,  a  little  below  where  the 
railway  crosses  the  stream,  Monograptns  ric/^artonensisy  if. 
vomerinxis,  and  Orthoceras  were  obtained. 

Nearly  the  whole  of  the  Wolfelee  and  Riccarton  inlier  is  occu- 
pied by  strata  belonging  to  subdivision  (h)  (p.  558).  There  is  one 
small  patch,  however,  of  the  overlying  group  {c).  It  consists 
of  green  mudstones  and  marly  beds  with  calcareous  nodular 
bands,  similar  to  the  beds  near  Kaeberry  Castle,  on  the  Kirkcud- 
bright shore.  These  strata  are  exposed  in  the  railway  cutting 
about  half  a  mile  W.N.W.  of  Riccarton  Station,  where  they  form 
a  strip  about  100  yards  broad.  Their  actual  thickness  probably 
does  not  exceed  from  30  to  40  feet,  for  they  are  r^eated  by 
gently  undulating  folds. 

Inliers  on  the  Northern  Slopes  of  the 
Cheviot  Hill  s. — The  Upper  Silurian  strata  included  within 
these  limits  occur  in  more  or  less  interrupted  patches.  One  of 
the  largest  is  that  traversed  by  the  Jed  Water  and  the  Edgerston 
Burn.  It  is  everywhere  bounded  by  rocks  of  Old  Red  Sand- 
stone age,  underneath  which  the  Silurian  strata  are  frequently 
seen  to  pass,  the  boundary  lines  being,  as  is  usual  in  such  cases, 
very  irregular. 

Another  large  area  occurs  high  up  on  the  slopes  of  the 
Cheviots,  stretching  eastwards  to  the  Hindhope  Bum  and  the 
river  Coquet.  The  Silurian  strata  are  here  again  overlain  uncon- 
formably  by  rocks  of  much  more  recent  age.  Towards  the  north 
they  are  covered  by  the  Old  Red  Sandstone  volcanic  series,  their 
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southern  boundary  being  defined  by  overlying  beds  of  white 
sandstone  belonging  to  Sie  Carboniferous  series,     liisignificant 

{matches  of  Silurian  strata  appear  here  and  there  beyond  the 
imits  of  these  larger  areas,  in  ravines  and  stream-cuttings, 
where  the  superincumbent  strata  of  Old  Red  Sandstone  have 
been  removed  by  the  denuding  action  of  running  water.  They 
may  be  seen  at  Willowford  Bum  and  Woodfield  Burn,  which 
entier  the  Jed  opposite  Mossbumford,  and  in  Richards  Cleuch, 
near  Doresford,  two  miles  further  up  the  Jed  valley.  Two  small 
patches  are  likewise  exposed  in  the  bed  of  the  Jed,  a  mile  or  two 
below  Chesters,  another  is  traversed  by  the  Carter  Bum  at  South- 
deanrig,  and  again  two  similar  exposures  appear  in  the  head- 
waters of  the  Jed  near  Dun  Knowe.  Most  of  these  sections 
present  admirable  examples  of  unconformability. 

The  strata  in  the  various  areas  now  mentioned  are  evidently 
pi-olongations  of  the  beds  which  occupy  the  districts  already 
described.  They  show  a  pretty  constant  dip  towards  the  south- 
east, although  now  and  again  the  beds  roll  over  and  dip  in  the 
opposite  direction.  In  many  ])laces  the  strata  are  on  end  or 
nearly  so,  but  more  commonly  the  dip  does  not  exceed  50^  or 
60^*,  the  inclination  being  occasionally  as  low  as  15°  or  20^  The 
strata  consist  generally  of  thin-bedded  blue  and  grey  greywackes 
and  shales,  with  occasional  thicker  zones  of  shale,  in  which  bands 
and  ribs  of  greywacke  are  intercalated.  The  greywackes  some- 
times, become  coarse-grained  and  pebbly,  and  now  and  again 
display  ripple^marks  on  their  surfaces.  Frequently  the  grey- 
wackes weather  with  an  ochreous  crust.  Here  and  there  thin 
seams  and  zones  of  graptolite-shale  ai'e  intercalated  in  the  other 
sediments,  thus  linking  these  strata  with  the  members  of  sub- 
division (6).  Approaching  the  crest  of  the  Cheviots,  the  observer 
finds  that  the  beds  continue  as  usual  to  show  more  or  less  rapid 
alternations  of  greywacke  and  shale  ;  the  latter,  however,  become 
more  common,  and  the  associated  greywackes  more  fine-grained, 
as  the  strata  are  traversed  towards  the  south-east. 

In  order  to  show  that  the  graptolitic  shale  of  these  inliers 
yields  forms  identical  with  those  found  in  the  regions  already 
described^  we  may  quote  the  following  examples.  From  an 
exposure  on  the  Jed  Water  at  Doresford,  Camptown,  five  miles 
S.o.E.  of  Jedburgh,  the  following  forms  were  collected : 

M<mograptus  Flemingi  (Salt.)  '    MoTvogrcLptus  vmifierinus  (Nich.) 

„  priodon  (Bronn.)  Retiolites  geinitzianus  (Barr.) 

,  riccartonensis  (lApw.)  Ceratiocaris  ludettsis  (Woodw.) 

At  the  road-side  at  Camphouse,  six  miles  S.S.E.,  a  band  of 
this  material  yielded  Monograptus  imodon,  M.  vomerinus,  together 
with  fragments  of  Monograptidce. 

Still  another  instance  is  to  be  found  about  ten  miles  south  of 
Morebattle,  near  the  crest  of  the  Cheviots,  in  the  Hindhope  Bum, 
which  drains  the  northern  slopes  at  Coquet  Head  and  the  eur- 
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rounding  heights,   where   the   graptolitic   shale   furnished   the 
fossils  in  the  annexed  list : 


M(m/igra^iAi$  priodon  (Bvorm.)  \   Cyrtograptiis  sp. 

„            riccartonenais  (lApw.)  Orthoceraa  sp. 

„            8p.  Aptychopsis  WxUoni  (Woodw. 
Retiolitea  geinitzianus  (B&rr,) 
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CHAPTER  XXIV. 

V.   UPPEE  SILURIAN  ROCKS  NORTH  OF  THE 

TABLELAND. 

Lanarkshire  and  Ayrshire. 

Within  the  territory  occupied  by  the  Old  Red  Sandstone  in 
the  midland  valley  of  Scotland,  several  inliers  of  Upper  Silurian 
Rocks  make  their  appearance.  They  are  found  in  Lanarkshire 
in  the  adjoining  county  of  Ayr,  and  in  the  counties  of  Mid- 
lothian and  Peebles.  The  Ayrshire  and  Lanarkshire  tract,  since 
the  discovery  of  well-preserved  Eurypterids  in  it  by  the  late  Dr. 
Slimon  of  Lesmahagow,  has  become  widely  known  in  geological 
literature.  The  more  important  of  these  inliers  are  situated 
several  miles  to  the  north  of  the  Silurian  Tableland,  where  they 
have  been  brought  to  the  surface  by  the  plication  and  subsequent 
denudation  of  younger  Palreozoic  rocks. 

One  of  the  most  interesting  featuree  connected  with  these 
Upper  Silurian  areas  is  the  conformable  sequence  from  the  Upper 
Ludlow  Rocks,  into  the  Lower  Old  Red  Sandstone.  This  con- 
formability  was  clearly  recognised  by  Murchison,  Ramsay, 
A.  Geikie,  and  at  a  later  date  by  Mr.  B.  N.  Peach  when  he 
mapped  the  region  between  Lesmahagow  and  Douglas  (see  Geol. 
Survey,  one-inch  map  of  Scotland,  Sheet  23,  published  in  1872). 
In  the  Explanation  descriptive  of  the  geology  of  the  area 
included  in  Sheet  23,  it  is  shown  that,  while  the  conformable 
portion  of  the  Lower  Old  Red  Sandstone  contains  red  and  yellow 
sandstones  and  conglomerates,  it  likewise  includes  certain  green 
and  red  mudstones  with  bands  of  grey  shale  and  greywacke, 
which,  in  the  Lesmahagow  district,  yielaed  "  Beyrichiu  and  some 
obscure  Pterygotus-lookui^  crustacean  remains."*  The  occurs 
rence  in  the  passage-beds  of  certain  organisms  identical  with 
those  in  the  underlying  Ludlow  Rocks  suggested  the  recurrence 
of  marine  or  brackish  water  conditions  during  the  deposition  of 
the  lower  portions  of  the  Old  Red  Sandstone. 

In  the  course  of  the  recent  revision  of  the  Upper  Silurian 
inliers  in  Lanarkshire  "by  the  Geological  Survey  (Sheet  23,  of  the 
Map),  special  attention  was  paid  to  the  fossiliferous  bands  in  the 
red  passage-beds  overlying  the  Ludlow  Rocks.  Towards  the  close 
of  1896  they  yielded  to  Mr.  Macconochie  fragments  of 
crustaceans  and  certain  obscure  remains  resembling  ichthyolites. 
The  search  was  resumed  in  1897,  and  after  a  prolonged  examina- 

*  Explanation  of  Sheet  28,  page  13. 
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tion  of  the  various  exposures  by  Messrs.  Macconochie  and  Tait, 
it  resulted  in  the  discovery  of  a  fauna  which  in  some  respects  is 
remarkable ;  for,  in  addition  to  representatives  of  all  the  genera 
of  Eun/pteridos  found  in  the  underlying  Ludlow  Rocks,  there  is 
likewise  an  assemblage  of  fishes,  comprising  five  genera,  four 
of  which  and  seven  species  are  new^.  Dr.  Traquair,  in  whose 
hands  the  collection  of  fishes  has  been  placed  for  determination, 
has  kindly  furnished  the  following  notes  embodying  the  results 
of  his  researches :  — 

"  The  only  fishes  which  have  occurred  in  the  *  Ludlow  *  beds 
of  the  Lesmahagow  district  are  Thelodvs  scoticvs  (Traq.)  and 
Thslodus  plamis  (Traq.),  besides  a  fragment  of  another  form, 
which  is  too  imperfect  for  description.  The  list  from  the 
*  Passage '  or  Downtonian  beds  is  larger,  and  includes  the 
following :  — 

Thelodus  KoticiL8  (Traq.)  AteUaspis  tesseUata  (Traq.) 

Lanarkia  horrida  (Traq.)  Birkenia  degans  (Traq.) 

^'noMt  (Traq.)  LoLMniui  proUematicus  (^raq.) 

^n/uUua  (Traq.) 


''  All  these  are  new  to  science. 

'*The  geological  interest  of  this  discovery  lies  in  the  fact  that 
a  new  fish-fauna  has  turned  up  in  the  Upper  Silurian  rocks  of 
Scotland,  two  genera  and  several  species  of  which  belong  to  a 
family,  the  Ccelolepidce  of  Pander,  which,  in  strata  of  approxi- 
mate age  in  England  and  other  parts  of  the  world,  have  hitherto 
been  known  only  by  scattered  scales.  A  few  isolated  scales  of 
Thelodus  (Th,  tuleiisis,  Rohon.)  have  also  occurred  in  the  Upper 
Devonian  of  Russia,  and  the  entire  fish  from  the  Lower  Old  Red 
Sandstone  of  Forfarshire,  named  by  Powrie  Cephalopteiiis  Pagci, 
is  now  proved  to  belong  to  the  same  genus.  Four  other  genera 
of  striking  novelty,  Lnnarkia,  Ateleasjyis,  Birke^iia,  and  Lasanius, 
also  form  paH  of  the  same  fish-fauna,  but  it  is  remarkable  that  as 
yet  no  trace  has  been  found  in  these  Lesmahagow  rocks  of  the 
0?ic/i//s-spines,  of  the  Pteraspidians,  or  of  the  Cephalaspidians 
which  have  been  long  known  from  the  Upper  Silurian  strata  of 
the  west  of  England  and  elsewhere. 

"Zoologically  the  interest  of  these  fishes  is  extreme.  The 
CcelolepidoB  have,  from  their  shagreen-like  scales,  been  considered 
by  many  palaeontologists  to  be  sharks,  and  to  them  have  also 
been  referred  the  undoubted  selachian  spines  known  as  Onchvs, 
and  even  certain  selachian-like  teeth  such  as  Monopleurodus  of 
Pander.  But  the  recent  *find'  of  the  Geological  Survey  puts 
a  different  face  on  the  matter. 

"We  have  here  two  genera  of  CoelolepidaB — Thelodus,  whose 
minute  shagreen-scales  are  of  the  type  seen  in  the  species  which 
occur  in  the  Ludlow  Bone-l)ed  and  in  the  Upper  Silurian  rocks  of 
Oesel,  and  Lanarkia,  a  new  genus  in  which  the  dennal  covering 
consists  of  small,  hollow,  pointed  spines,  without  a  basal  plate. 
In  both  genera  the  form  of  the  creature  is  the  same — the  head 
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plus  the  anterior  part  of  the  body  being  broad  and  flattened,  with 
right  and  left  posterior  angles  in  the  form  of  fin-like  expansions, 
the  contour  of  which  is  continuous  with  that  of  the  head  in  front 
but  sharply  marked  off  from  that  of  the  tail  behind,  which  latter 
part  terminates  behind  in  a  deeply  cleft  hetei'ocercal  caudal  fin. 
There  is  no  trace  of  jaws,  of  teeth,  or  of  fin  spines  in  any  of  the 
numerous  specimens  which  have  been  collected,  nor  nas  the 
position  of  me  eye  been  discovered. 

"  Now,  although  through  their  dermal  armature  the  Coelolepidae 
appear  related  to  the  sharks,  Hieir  general  form,  along  with  the 
absence  of  teeth  and  the  apparent  absence  of  jaws,  appears  rather 
to  claim  a  place  for  them  in  the  Ostracodermi  and  in  the  order 
Heterostraci,  of  which  the  only  family  hitherto  recognised  is 
that  of  the  JPteraspidae. 

^*  Ateleaspis  iesseUata  is  the  type  of  a  new  family,  and  presents 
us  with  a  form  in  which  the  body  has  the  same  general  shape  as 
in  the  Coelolepidae,  but  the  dermal  covering  consists  in  front  of 
small  minutely  tuberculated  polygonal  plates,  while  the  tail  is 
provided  with  rhombic  scales,  omamentea  with  delicate  tubercles 
and  ridges.  It  reminds  us  strangely  both  of  Cephalaspis  and  of 
Psa/mmosteus^  but  more  especially  of  the  latter,  as  the  presence  of 
orbits  on  the  upper  aspect  of  the  head  is  doubtful.  It  is 
unfortunate  that  Atdeasins  is  so  exceedingly  rare  that  only  one 
example  showing  the  head  and  body  has  as  yet  been  found, 
nevertheless  what  we  do  see  of  its  structure  leads  us  to  the  con- 
clusion that  the  Psammosteidse  of  the  Devonian  epoch  are,  as 
Reis  has  already  indicated,  also  Heterostraci,  and  allied  to  the 
PteraspidaB.  And  wherever  Pscm/mosteus  goes  there  also  must 
Drepanaspis  of  the  German  Lower  Devonian  find  its  place.  And 
it  may  also  be  said  that  although  the  head  and  body  of 
Drepanaspis  are  covered  with  plates  instead  of  with  minute 
scales  or  spines,  the  general  coincidence  of  the  shape  of  the  filsh 
with  that  of  Thelodus  or  Lanarhia  is  exceedingly  striking  and 
suggestive. 

"  The  recent  *  find '  therefore  very  greatly  enlarges  our  con- 
ception of  the  Heterostraci,  and  indicates  that,  though  we  cannot 
consider  them  as  actual  Selachii,  they  probably  had  a  common 
origin  with  the  primitive  Elasmobranchs.  And  it  may  here  be 
noted  that  Rohon,  though  he  calls  the  Ccelolepidfie  *  extinct 
selachians,'  and  their  scales  genuine  '  placoid-scales/  remarks 
that,  as  these  scales  in  many  respects  show  a  simple  condition  of 
histological  structure,  they  must  be  regarded  as  placoid  scales  in 
a  lower  stage  of  development. 

**  Birkenia  elexjans  is  a  very  peculiar  as  >\ell  as  beautiful  form, 
of  elegant  fusifoim  shape,  with  the  head  and  body  covered  by 
narrow  tuberculated  scutes.  There  is  a  completely  heterocercal 
bilobate  caudal  and  a  rudimentary  dorsal  fin,  but  no  trace  of 
paired  tins,  shoulder  girdle,  cranial  bones,  jaws,  or  even  of 
distinct  orbits.  It  is  also  the  type  of  a  new  family,  but  it  is 
doubtful  if  it  can  be  included  in  the  Heterostraci ;  more  probably 
it  repi^esents  a  separate  division  of  Ostracodeimi. 
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**  Lasanius  prohlematicus  is  the  name  which  I  have  applied 
to  a  fish  whose  remains  show  some  very  remarkable  features. 
Apparently  of  an  elongated  form,  the  only  hard  parts  which  it 
possessed  were  a  median  row  of  small  scutes  with  backwardly 
directed  thorns,  and  on  the  opposite  side  in  front  a  peculiar 
gridiron-like  an-angement  of  about  eight  parallel  bony  rods 
on  each  side,  whose  extremities  are,  at  ^the  margin  of  the  body, 
bent  at  an  angle  inwards  to  meet  their  fellows  of  the  opposite 
side.  K  the  row  of  scutes  is  dorsal,  then  the  rods  may  have 
had  to  do  with  the  support  of  the  branchial  apparatus.  Traces 
of  the  body  are  often  seen  \m  i_the  form  of  a  carbonaceous  film, 
and  in  one  or  two  instances  this  film  seems  to  terminate  behind 
in  an  acutely  bilobate  caudal  fin.  The  affinities  of  this  form 
are,  as  the  specific  name  implies,  very  problematical,  though  I 
feel  no  doubt  that  it  is  an  Ostracodemi,  and  almost  as  little  that, 
in  spite  of  its  deficiency  in  dermal  covering,  it  is  allied  to 
Birkenia, 

*'  It  may,  in  conclusion,  be  truly  said  that  this  recent  discovery 
of  Silurian  fishes  by  the  Geological  Survey  of  Scotland  has 
opened  out  to  us  a  new  vista  in  the  field  of  palaeozoic 
ichthyology." 

The  interest  attaching  to  this  group  of  rocks  in  Lanarkshire 
has  been  augmented  by  the  recent  discovery  of  ichthyolites  in 
the  admittedly  Upper  Ludlow  Rocks  of  the  neighbourhood  of 
Lesmahagow.  In  189G  a  species  of  Thelodus  was  collected  from 
one  of  the  upper  zones  by  Mr.  James  Young,  Lesmahagow,  and 
in  1897-8  two  new  species  of  the  same  genus  were  obtained  by 
Messrs.  Macconochie  and  Tait  from  the  same  horizon.  It  was 
from  this  band  also,  that  a  fine  example  of  a  true  scorpion 
{Palceophonus)  was  collected,  which  was  exhibited  to  the 
Geological  Society  of  Edinburgh  by  Dr.  Hunter,  Carluke,  and 
described  by  Mr.  B.  N.  Peach. 

The  recent  palseontological  discoveries  in  these  passage-beds 
of  Lesmahagow,  prove  the  presence  of  so  many  normal  Upper 
Silurian  organisms  in  shales  intercalated  in  the  overlying  red 
and  yellow  sandstones  as  to  suggest  the  desirability  of  grouping 
these  conformable  red  strata  with  the  Upper  Silurian  system. 
Certain  data  connected  with  the  lithological  characters  and  strati- 
gi-aphical  relations  of  some  of  >.the  zones  overlying  the  true 
Ludlow  Rocks  seem  to  favour  this  view.  For  example,  through- 
out the  Douglas  and  Lesmahagow  districts,  two  prominent  beds 
of  conglomerate  have  been  of  great  service  in  working  out  the 
geological  structure  of  that  region.  The  lower  one,  which 
almost  immediately  overlies  the  fish-band  above  referred  to,  is 
composed  mainly  of  pebbles  of  quartzite  derived  from  the  High- 
lands, while  the  higher  one,  which  is  separated  from  the  lower 
by  red  and  yellow  sandstones  and  shales,  is  readily  distinguished 
by  the  abundance  of  greywacke  pebbles  obtained  from  the 
Silurian  Tableland  of  the  Southern  Uplands.  Not,  indeed,  till 
we  reach  the  horizon  of  this  greywacke-conglomerate  do  we  find 
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conclusive  evidence  of  the  predominance  of  materials  in  the 
passage-beds  that  have  been  derived  from  the  Silurian  Tableland. 

The  greywacke-conglomerate  preserves  its  distinctive  features, 
as  a  well-marked  horizon  along  the  northern  border  of  the 
Silurian  Tableland  from  the  Pentland  Hills  to  Ayrshire.  It 
forms  the  base  of  the  sediments  which  herald  the  ftreai  volcanic 
series  of  the  Lower  Old  Bed  Sandstone,  and  is  to  sdl  appearance 
intimately  associated  with  the  terrestrial  movements  which  pre- 
ceded or  accompanied  those  manifestations  of  volcanic  activity. 
For  both  in  the  Pentland  Hills  and  in  Ayrshire  this  greywacke- 
conglomerate  denotes  a  marked  unconf ormability ;  in  the  former 
region,  as  we  shall  point  out  in  the  sequel,  it  rests  on  the 
upturned  edges  alike  of  the  Wenlock,  Ludlow,  and  passage-beds, 
wnile  in  the  latter  area  it  lies  unconf  ormably  on  Lower  Silurian 
strata.  It  is  remarkable,  however,  that  in  Lanarkshire  and  the 
adjoining  part  of  the  county  of  Ayr,  where  this  horizon  has  been 
traced  over  many  miles  of  country,  no  unconformability  has 
been  detected  between  it  and  the  underlying  sandstones.  Some 
of  the  sections  seem  to  indicate  a  gradual  passage  from  the  one 
series  into  the  other,  but  even  if  mis  feature  be  deceptive  it  is 
at  least  clear  that  if  a  discordance  does  exist  in  that  part  of  the 
country,  it  must  be  comparatively  gentle. 

In  view  of  the  palaBontological  and  to  some  extent  also  of  the 
physical  evidence  regarding  the  passage-beds  that  overlie  the 
Ludlow  Hocks  there  seems  ground  for  maintaining  that  they 
have  greater  affinities  with  the  Silurian  system  than  with  the  Old 
Red  Sandstone.  They  may  be  looked  upon  as  stratigraphical 
equivalents  of  the  Tilestones,  Downton  Sandstones,  and  Ledbury 
Shales,  which,  in  Herefordshire,  overlie  the  Upper  Ludlow  Bocks 
and  have  been  classified  as  forming  the  highest  sub-division  of 
the  Upper  Silurian  rocks.*  In  the  following  psiges  a  similar 
grouping  has  been  adopted,  and,  for  the  sake  of  convenience  of 
description,  the  passage-beds,  ranging  from  the  fine  local  con- 
glomerate underlying  the  red  sandstones  to  the  base  of  the  gi'cy- 
wacke-conglomerate,  will  be  referred  to  as  the  Downtonian  series. 
This  modification  in  the  classification  hitherto  adopted  by  the 
Geological  Survey  is  represented  in  the  annexed  table,  which 
gives  the  various  sub-divisions  of  the  Upper  Silurian  rocks  in 
Lanarkshire  in  descendinfy  order : 


si 

2 


3.  Andesites  and  tiitfs  (volcanic  zone). 
\'  Icanic  Series    '    ^*  ^l^<>colate-coloured  sandstones  with  C^halaspis 

1.  Conglomerate  with  greywacke  pebbles. 


Unconformability  in  the  Pentland  Hills  and  in  Ayrshire  ; 
apparent  conformability  in  Lanarkshire. 

Sm  for  example  Sir  A.  Ctoikie's  "Text- Book  of  Geolopy,"  3rd  ed.,  1893,  p.  753. 
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Downtonian. 


Ludlow. 


I 


Wenlock  (?) 


11.  Chocol?*te-coloured  sandstones — 1200  feet  in 
Lesmahagow  inHer. 

10.  Conglomerate  with  large  pebbles  of  quartzite 

— 100  feet  in  Lesmahagow  inlier. 
9.  Green  and  red  mudstones  with  bands  of  grey 
shale  and  greywacke,  containing  a  band 
with  fishes  and  crustaceans — 100  feet  in 
Lesmahagow  inlier. 
8.  Red  and  yellow  false-bedded  sandstones  and 
red  mudstones — 1300  feet  in  Lesmahagow 
inlier. 
7.  Conglomerate  of  local  occurrence,  with  small 
2)ebbles  of  Arenig  volcanic  rocks,  radio- 
larian  chert,   quartz,    iSbc.,   resting  oon- 
fonnably  on  Ludlow  shales — 88  to  160 
feet  in  the  Hagshaw  Hills  anticline. 

6.  Green  flaggy  and  sandy  greywackes,  with 
partings  of  grey  and  red  mudstone — about 
130  feet, 

5.  Blue,  grey,  and  green  shales  with  sandy 
mudstones  and  greywackes,  occasionally 
weathering  with  a  rusty  colour — 200  feet 
{Troc^ms  beds). 

4.  Hard  blue  and  grey  flaggy  shales  and  mud- 
stones, with  occasional  bands  of  calcareous 
nodules — 350  feet  {Tterygotus  beds). 

3.  Hard  grey  flagstones  and  bands  of  hard 
grey wacke,  with  bands  and  zones  of  dark 
fissile  calcareous  flaggy  shales,  weather- 
ing rusty  brown— 500  feet  {Ceratiocaris 
beds  and  Ludlow  fish  band). 

2.  Grey,  blue,  and  olive  shales,  with  occasional 
greywacke  bands — 300  feet. 

1.  Hard  bands  of  greywacke  with  shale  partings — 
1300  feet.* 


The  various  areas  of  Lpper  Silurian  strata  in  Lanarkshire 
and  the  adjacent  part  of  the  county  of  Ayr  (Sheets  15  and  23 
of  the  Survey  Map)  may  be  grouped  as  follows  according  to  their 
size  and  relative  importance : 

1.  The  Lesmahagow  inlier. 

2.  The  anticline  of  the  Hagshaw  Hills. 

3.  The  Carmichael  Bum  inlier. 

4.  The  small  exposure  south  of  Tinto. 

Of  the  foregoing  inliers  it  is  highly  probable  that  the  axial 
fold  near  Carmichael  Manse  (No.  3)  is  merely  the  north-easterly 
prolongation  of  that  in  the  Hagshaw  Hills  (Xo.  2)  reappearing 
from  underneath  the  Carboniferous  rocks  of  the  basin  of  the 
Douglas  Water.  The  most  important,  however,  are  the  first 
two  of  the  series,  the  anticline  of  the  Hagshaw  Hills  (No.  2) 
being  five  miles,  and  that  of  the  Logan  Water  (No.  1)  from 
seven  to  eight  miles  distant  from  the  northern  limit  of   the 


*  The  thickne.^e.s  of  the  nub-divisions  of  the  Wenlock  and  Ludlow  Rocks  given  in  the 
.ibovo  Table  apply  only  to  the  Ixjsmahagow  inlier. 
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Silurian  Tableland.  A  careful  study  of  the  stratigraphical 
relations  of  these  two  inliers  shows  that  there  is  a  great  simi- 
larity in  the  structure  of  both  areas,  for  in  each  case  the  Wen- 
lock  and  Ludlow  Hocks  form  anticlines,  now  exposed  at  the 
surface  by  the  removal  of  the  Downtonian  and  Lower  Old  Red 
Sandstone  strata  which  covered  them  to  a  great  depth ;  each  is 
bounded  on  the  south-east  side  by  a  large  fault,  while  along 
their  north-west  margins  the  sequence  from  the  Ludlow  to  the 
Downtonian  Rocks  can  be  traced.  A  further  interesting  feature 
which  illustrates  the  extreme  plication  of  the  Silurian  and 
Lower  Old  Red  Sandstone  rocks  in  pre-Carboniferous  time  is  the 
prominent  inversion  of  the  strata  in  the  case  of  the  Hagshaw 
anticline.  Both  limbs  of  the  fold  dip  towards  the  north-west, 
and  the  south-east  limb  is  truncated  by  a  reversed  fault,  by 
means  of  which  older  are  made  to  overlie  younger  rocks. 
In  other  words,  we  have  here  a  repetition  of  over-folds  cul- 
minating in  reversed  faults,  which  is  such  a  conspicuous  feature 
of  the  mountain-building  of  the  North-West  Highlands.  That 
this  plication  took  place  in  pre-Carboniferous  time  is  evident 
from  the  fact  that  the  Upper  Old  Red  Sandstone  and  Lower 
Carboniferous  rocks  rest  unconformablv  on  the  folded  Down- 
tonian  and  Lower  Old  Red  Sandstone  strata. 

i.    THE   LESMAHAGOW"  INLIER. 

This  area  lies  on  the  confines  of  the  counties  of  Lanark  and 
Ayr  between  Muirkirk  and  Lesmahagow.  The  boundary 
between  the  two  counties  forms  there  a  sinuous  line  running 
along  the  watershed  that  separates  the  tributaries  of  the  Clyde 
(Nethan,  Kype,  and  Glengavel  Waters)  from  tlie  Greenock  Water 
and  its  affluents,  which  flow  into  the  river  Ayr.  Though  the 
region  lies  within  the  midland  valley  of  Scotland,  it  nevertheless 
forms  a  pastoral  district,  where  some  of  the  hills  exceed  1500 
feet  in  height.  Excellent  sections  of  the  strata  are  exposed  in 
the  various  streams,  notably  in  the  Logan  and  Greenock  Waters 
and  their  tributaries,  and  as  the  beds  over  much  of  the  area  dip 
at  gentle  angles  favourable  opportunities  are  afforded  of  study- 
ing the  various  ])al?poiitolagical  zones  (Fig.  117). 

Wenlocli  mid  J/udlow  Series. 

The  Wenlock  and  Ludlow  Rocks  of  the  Lesmahagow  inlier 
extend  in  a  north-east  direction  from  the  Greenock  AVater  by  the 
Priesthill  Height  (1615  feet)  and  Nutberry  Hill  (1712  feet)  to 
the  Logan  Water,  a  distance  of  six  miles.  In  this  instance  only 
the  northern  limb  of  the  anticline  has  been  preserved,  as  along 
a  portion  of  the  south-east  margin  the  "Wenlock  and  Ludlow 
Rocks  are  truncated  by  a  normal  fault  bringing  them  in  contact 
with  the  Downtonian  beds.  The  sequence  is  still  further  inter- 
rupted by  a  sheet  of  intrusive  felsite,  which  runs  along  the  strike 
of  the  lowest  beds  in  the  core  of  the  fold. 
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(1)  The  lowest  beds  (No.  1  of  the  Table  given  above  and  5a  of 
Fig.  117),  consist  of  blue  greywackes  with  partings  of  shale. 
They  extend  along  the  southern  margin  of  the  area,  being 
visible  in  the  head- waters  of  the  river  Nethan,  in  the  Ponesk 
Bum,  and  in  other  streams  in  the  direction  of  Hall  on  the 
Greenock  Water.  Indications  of  the  anticlinal  arrangements  of 
these  beds  are  to  be  found  on  Nutberry  Hill,  where,  at  various 

Soints,  they  dip  to  the  north-west,  north-east  and  south-east. 
ne  noteworthy  feature  connected  with  this,  group  is  the  presence 
of  mineral  veins  (galena  and  barytes),  which  have  been  expressed 
on  the  one-inch  map.  Sheet  23,  published  in  1872.  Few  fossils 
have  been  obtained  from  this  sub-division ;  indeed,  the  only 
determinable  forms,  comprising  Orthis  (?)  and  Murchisonia, 
have  been  collected  from  one  locality  on  the  north-east  slope  of 
Nutberry  Hill,  where  the  sandy  greywackes  and  shales  dip  to 
the  north-west  at  angles  varying  from  40^-60'^.  In  the  absence 
of  definite  palseontological  evidence  it  is  impossible  to  fix  with 
precision  the  age  of  the  beds  forming  the  lowest  group.  We  are 
inclined  to  believe  that  they  may  belong  in  part  at  least  to  the 
Wenjock  formation,  but  this  question  is  one  which  must  be 
verified  by  future  research. 

(2)  The  members  of  the  next  group  (Nos.  2  and  5b)  consist  of 
grey,  blue,  and  olive  shales,  with  occasional  greywacke  bands, 
which  form  a  very  narrow  strip  immediately  to  the  north  of  the 

Eresumably  Weniock  strata.  They  range  from  the  neighbour- 
ood  of  Hall,  in  the  Greenock  Water,  to  the  north-west  slope  of 
Nutberry  Hill,  where,  crossing  the  Long  Burn  they  sweep  round 
the  east  limit  of  the  anticline  towards  the  river  Nethan,  west  of 
Eaglinside,  their  general  dip  in  the  latter  region  being  easterly. 
At  one  locality,  near  the  head  of  the  Long  Burn — ^a  tributary 
of  the  Logan  Water — at  a  point  about  a  mile  to  the  south-east 
of  Logan  House,  the  following  fossils  were  collected  by  the 
Geological  Survey  from  ceiiain  nodular  sandy  greywackes 
occurring  in  this  subdivision. 


Ceratiocai^  paptlio  (Salt.) 
'J  stygius  (Salt.) 

Aiwdontopnif  bulla  (M*Coy.) 
,,  lucina  (Salt.) 

Ctefwdonta  obesa  (Salt.) 
MytUus  myiilwieris  (Conr.) 
Orthonota  amygdalina  (Sow. ) 
var. 
bulla  (Salt.) 


»i 


>» 


Orthonota  impreasa  (Sow.) 
, ,        solenoidea  (Sow. ) 
Pttriiiea  retroflexa  (Wahl.) 

var.  navifonnU. 
(Conr.) 
,,        pleuroptera  (Conr.) 
HolopeUa  obsoleta  (Sow.) 
Murchisonia  ap. 
1   Platyachisma  hdicites  (Sow.) 


(3)  The  Ceratiocaris'hedsi  (No.  3  and  6c)  are  of  special  interest, 
as  they  contain  the  layer  which  has  recently  yielded  the  Ludlow 
fishes.  Lithologically  the  sediments  of  tnis  group  are  coarser 
than  those  of  the  underlying  and  overlying  groups.  They  con- 
sist of  hard  grey  flagstones  and  bands  of  hard  greywacke,  in 
which  occur  zones  of  dark  fissile  calcareous  flsiggy  shales.  The 
latter   contain   in   remarkable   abundance    at   cei-tain   localities 
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remains  of  Ceratiocaris,  wlucL  ib  indeed  the  distinctive  palseonto- 
logdcal  feature  of  the  sub- division. 

The  Geological  Map  (Sheet  23)  shows  that  the  members  of  this 
group  extend  along  the  northern  limb  of  the  anticline  from 
Linbum  on  the  Greenock  AVater  noiih-eastwards  to  the  Logan 
Water,  where  the  finest  exposures  of  the  Ceratiocaris  beds  are 
to  be  seen.  Thence  they  curve  round  the  eastern  termination  of 
the  arch  towards  the  Nethan  Water  at  Eaglinside. 

At  various  points  in  the  Logan  Water  the  fossiliferous 
bands  of  this  subdivision  (No.  3  and  5c)  are  admirably  dis- 
played; indeed,  owing  to  the  gentle  inclination  of  the  beds, 
large  surfaces  of  the  more  important  seams  are  laid  bare  for 
investigation.  Though  fragments  of  the  characteristic  crus- 
taceans are  found  on  different  horizons  throughout  the  group, 
one  band  is  of  special  importance  from  the  abundance  of  species 
of  Ceratiocaris  in  it,  £md  from  the  occurrence  of  Ludlow  nshes, 
and  a  well-preserved  scorpion.  The  group  is  exposed  in  a  small 
gorge  in  the  midst  of  a  plantation  about  tnree-quarters  of  a  mile 
to  the  north-east  of  Logan  House.  Here  the  stream-course 
makes  a  marked  loop  at  a  place  known  locally  as  Shank's 
Castle.  The  hard  grej^wackes  and  flagstones  at  the  southern 
curve  of  the  loop  dip  to  the  north-west  at  15^  being  succeeded 
up-stream  by  rusty-brown  calcareous  flaggy  shales,  from  which 
the  following  organisms  have  been  obtained : 


Ceratiocaris  stygius  (Salt.) 

,,  telson,  like  Murchisoni 

Umga  (Wood w.  &  Jones . )   j  ( M  *Coy . ) 

papilio  (Salt.)  ,   Slimonia  acuminata  (Salt.) 


Worm  tracks. 

Ceratiocaris  laxa  (Woodw.  &  Jones.) 

>» 


Above  the  wood  a  large  alluvial  flat  extends  up  stream  for 
half  a  mile  to  Logan  House,  where  operations  are  now  in  progress 
for  the  formation  of  a  large  reservoir.  Xot  far  to  the  west  of 
Shank's  Castle,  where  excavations  are  now  being  made  for  an 
embankment,  the  fossils  given  in  the  annexed  list  were  collected 
from  the  debris  of  this  band  : 

Worm  tracks.  Pterygotvs  hilobua  (Salt.) 

Myriapods  ?  (impressions  of).  Slimonia  acuminata  (Salt. ) 

Ceratiocaris  sp.  Thdodus  scoticus  (Traq.) 

Dietyocaris  RawMiyi  (Salt.)  , 

Though  the  remains  of  Eurypterids  are  numerous,  only  two 
fragment  of  the  Ludlow  fish,  Thdodus  scoticus^  were  here 
obtained,  which,  however,  are  sufiiciently  distinct  for  deter- 
mination. 

As  the  Ludlow  fish-band  is  followed  westwards  its  outcrop  is 
affected  by  two  normal  faults.  The  first,  trending  in  a  north- 
west and  south-east  direction  not  far  to  the  west  of  Shank's 
Castle,  shifts  the  outcrop  to  the  north  side  of  the  valley;  the 
second,  trending  E.X.E.  and  W.S.W.,  produces  a  still  further 
displacement   towards    the    north-west.      Near   Logan    House, 


574  Tlie  Silimwn  Rocks  of  Scotland, 

certain  members  of  the  Ceratiocaris-^YO\i^ — ^though  on  a  alightly 
lower  horizon  than  the  fish-band — appear  at  the  foot  of  the  Long 
Bum,  a  tributary  of  the  Logan  AVater.  Here  the  blue  grey- 
wackes  and  shales  dip  towards  the  north-west  at  angles  varying 
from  20°  to  35°,  and  contain  the  following  forms : 

Spirorhis  sn.  [  Pterygohu  6iio6tM  (Salt.) 

Befi^richia  Klcedeni  (M*Coy.)  !  Lingula  minima  (SoiiO 

„               ,,      var.  faro«o( Jones.)  |  MoaioUfpsis  Nilsiioni  (Ris.) 

Ceratiocaris.  \  Orthanota  sp. 

Dictyocaris  Ramsayi  (Salt. )  Platyachisma  ( Trochua)  helidtes  (Sow. ) 

About  Logan  House  the  stream  has  laid  open  various  exposures 
of  greywackes  and  shales  having  a  similar  inclination  to  the 
uorQi-west,  till  at  a  point  about  half  a  mile  south  of  the  farm- 
house the  best  development  of  the  Ludlow  fish-band  in  the 
Lesmahagow  inlier  is  displayed.  From  this  locality,  also,  the 
finely-preserved  scorpion,  PaLimphoiius  caledanicuSy  was  obtained. 
Here  the  stream  for  a  short  distance  flows  in  an  E.N.E.  direction, 
and  obliquely  crosses  the  strike  of  the  beds,  which  dip  to  the 
W.N.W.  at  angles  varjdng  from  12°-15".  On  the  left  bank  the 
strata  form  a  clifi*  about  thirty  feet  high,  the  upper  portion  of 
which  con*sists  of  hard  greywacke  bands  about  a  foot  tiiick,  and 
the  lower  of  brown  flaggy  shales  which  contain  the  remains  of 
Ceratiocaris  in  abundance,  with  a  few  fragments  of  Pterygotus. 
The  fishes  are  partly  embedded  in  ironstone  nodules  in  the  brown 
flaggy  shales.  These  nodules  are  sometimes  arranged  in  lines 
close  to  each  other,  and  the  organic  structures  are  found  to  be 
much  better  preserved  in  them  than  in  the  ordinary  fla^y 
shales.  The  following  fossils  have  been  collected  from  uiis 
outcrop  by  the  Geological  Survey : 

Archideamu^  loganensis  (Peach.)  '    Phyaocaris  sp. 

Ceratiocaris  longa  (Jones  &  Woodw.)       Pterinea  retrqfleoea  (Wahl.) 

Murchisoni  1  (M  *Coy . )  Platyachiama  (Trochus)  helicitei(  Sow. ) 


>» 


>» 


papilio  (Salt.)  ThdodAis  8coh'oiM  (Traq.) 

stygius  (Salt. )  , ,        planus  (Traq . ) 


Slimonia  acuminata  (Salt.)  .    Fish  fragment  undt. 

In  the  valley  of  the  Greenock  Water,  another  exposure  of  these 
beds  is  to  be  seen  at  Linburn,  where  they  yielded  specimens  of 
Ceratiocaris  papilio,  C.  rohiLsta,  C.  stygius,  and  Thehdus  scoticus, 

(4)  The  PterygotuS'hedst  the  strata  so  successfully  explored 
by  Dr.  Slimon  of  Lesmahagow,  though  traceable  from  end  to 
end  of  the  anticline  as  a  narrow  belt  lying  to  the  north  of  group 
No.  3,  are  best  exposed  in  the  Logan  Water  and  its  tributaries. 
At  Dunside,  on  the  south  bank  of  the  Water,  the  strata  dip  to 
the  W.N.W.  at  an  average  angle  of  20°.  The  stream  flows 
generally  along  the  stiike  of  the  beds  for  a  distance  of  about  a 

Suarter  of  a  mile,  and  large  masses  of  stone  can  there  be  easily 
islodged  from  the  dip  slope  and  searched  for  Eurypterid 
remains.  The  strata  consist  of  hard  blue  and  grey  flaggy  shales 
and  mudstones  with  calcareous  nodules.     Like  the  concretions  in 
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the  fish-band,  these  calcareous  uodules  are  sometimes  arranged 
in  linevS,  which  partly  envelope  the  organic  remains.  The  follow- 
ing fossils  were  collected  fi*om  an  expasure  on  the  right  bank  of 
the  stream,  about  400'vards  west  from  Dunside: 


Oera^iocarw^pi/io  (Salt.) 
Neolimvlusfcdcatus  (Woodw.) 
Eiirypterws  lanceolatiis  (Salt.) 
,,  obesus  (Woodw.) 

,,  scorpioides  (Woodw.)  I   Stylowwrus  Logani  (Woodw.) 

FUrygotui  hUobus  (Salt.)  |   Lingvla  minima  (Sow.) 

var.  accidens 

(Woodw.) 


♦»  »» 


Pterygotus  bilobus  var.  inoniatus 

(Woodw.) 
,,  raniceps  (Woodw.) 

Slim^mia  acuminata  (Salt.) 


In  a  small  tributary  of  the  Logan  Water  from  the  north,  at 
a  spot  about  250  yards  west  from  Dunside,  these  flaggy  shales 
have  yielded  specimens  of  Spirorhis  Lewisi,  Beyrichia  Klosdeni, 
Dictyocaris  Slimcyni,  Pterygotus  bilohiis,  Slinwma  acuminata^  and 
Platyschisma  helicites. 

In  like  manner,  in  the  Blackberry  Burn,  at  a  point  about  100 
yards  up  stream  from  the  alluvial  cone  where  it  joins  the  Logan 
Water,  the  following  forms  have  been  obtained  from  these  beds, 
viz. :  Dictyocaris  Ramsayi,  T).  Slimoni,  Pteryyotus  Hlobus,  Lingula 
cornea,  and  L.  minima.  South-westwards  along  the  strike,  the 
members  of  this  group  are  found  in  the  Kip  Bum,  another 
tributary  of  the  Logan  Water  from  the  north,  where  they  have 
yielded  examples  of  Ceratiocaris  stygius,  and  Pterygotiis  hilobus. 

On  the  south-west  side  of  the  county  boundary,  and  close  to 
the  watershed,  the  representatives  of  this  sub-division  reappear 
near  the  head  of  the  Leaze  Bum,  where  they  consist  of  blue- 
grey  flaggy  shales,  dipping  to  the  W.N.W.  at  angles  varying 
from  20°  to  30°,  and  are  traversed  by  thin  basalt  dykes.  Some 
of  the  seams  freely  yield  fragments  of  Eurypterids,  the  following 
fossils  having  here  been  collected :  Beyrichia  Klcedeni,  Ceratiocaris 
papilio,  C.  stygius,  Pterygotus  bilohus,  and  Slimonia  acuminata, 

(5  and  6)  Along  the  northern  limit  of  the  Upper  Ludlow 
Rocks  numerous  excellent  sections  show  the  two  highest  sub- 
divisions (5e  and  5f  of  Fig.  117)  of  the  Ludlow  strata  that 
immediately  underlie  the  Downtonian  or  passage  beds.  One  of 
the  best  sections  is  in  the  Blackberry  Bum,  which  joins  the 
Logan  Water  about  a  mile  and  a  quarter  to  the  soutn-west  of 
Dunside.  Prominent  among  these  upper  beds,  as  developed  in 
this  stream,  are  certain  blue,  grey,  and  green  shales,  with  sandy 
mudstones  and  greywackes  occasionally  weathering  into  a  rusty 
colour,  which  constitute  group  5.  The  distinctive  palaeonto- 
logical  feature  of  this  sub-division  is  the  abundance  in  it  of 
Platyschisma  (Trochus)  helicites,  which  is  here  associated  with 
Spirorhis  Lewisi,  Beyrichia  Eloedeni,  Modiolopsis  Nilssoni,  and 
Orthonota  solenaides. 

Some  of  the  same  characteristic  fossils  are  likewise  found  in 
tributaries  of  the  Logan  Water  from  the  north,  viz.,  in  the  Kip 
Bum  and  in  a  stream  near  Dunside.     To  the  south-west  of  the 
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county  boundary  the  members  of  this  group  reappear  in  the 
Leaze  Bum,  wnere  they  have  furnished  specimens  of  Platy- 
sehitmxa  hMicUes  and  Beyrichuc  Klcedeni;  and  still  farther  to  the 
south-west,  in  a  dry  gully  about  half  a  mile  W.N.W.  of  Priesir 
hills  shepherd^s  house,  the  following  organisms  have  been 
obtained  :  Sptrorbis  Lewisi,  Beyrichia  Kkedeni,  Modiolopsis  Nilsscyni, 
Orthonota  solenoides,  and  Platyschis^na  helicites. 

The  most  highly  fossiliferous  locality  in  the  basin  of  the  Greenock 
Water  is  to  be  found  in  a  small  streamlet  about  half  a  mile 
E.N.E.  of  Waterhead,  in  the  Ghreenock  Water,  where  the  grey 
sandy  gre\'wackes  and  greenish  shales  dip  towards  the  north-west 
at  20^  and  yield  the  fossils  given  in  the  annexed  list : 

Sptrorbis  LewUi  (Sow.)  Modiolopais  NiUsoni  (His.) 

Beyrichia  Klcedeni  (M*Coy.)  Orthanctn  impressa  (Sow.) 
Didyocaris  sp.  .,        rohinrfoto  (Sow.) 

Slimonia  Cbcuminata  (Salt.)  ,,        sdenoides  (Sow.) 

Ooniophora  cymhcBformis  (Sow.)  Pfnhjschiama  helicites  (Sow.) 
Modiolopsis  compianata  (Sow.) 

In  the  prolongations  of  this  group  towards  the  south-west  of 
the  Greenock  Water,  some  of  the  characteristic  fossils  have  been 
found  in  the  Lann  Bum,  about  three-quarters  of  a  mile  to  the 
south-west  of  Waterhead  and  in  an  adjoining  streamlet. 

The  members  of  the  highest  sub-division  of  the  Ludlow  rocks, 
consist  of  green  flaggy  and  sandy  grevwackes  with  partings  of 
grey  and  red  mudstones,  that  have  nitherto  provea  unfossili- 
ferous.  Indeed,  they  merge  graduallv  into  the  red  and  yellow 
sandstones  which  form  the  base  of  {he  overlying  Downtonian 
series. 

Doimitoniwn  Serieif, 

On  the  north-west  side  of  the  arch  of  Wenlock  and  Ludlow 
rocks,  in  the  Lesmahagow  inlier,  there  is  a  broad  area  occupied 
by  the  overlying  strata  forming  the  Downtonian  group.  Indeed, 
over  much  of  that  region  the  beds  lie  at  low  angles,  and  some- 
times form  gentle  undulations.  In  this  respect  the  geological 
structure  of  the  Downtonian  area  on  the  north-west  side  of  the 
Lesmahagow  inlier  differs  widely  from  that  met  with  in  the  case 
of  the  Hagshaw  anticline. 

Though  there  are  various  sections  showing  the  gradual 
sequence  from  the  Upper  Ludlow  rocks  into  the  conformable 
series  of  red  and  yellow  sandstones,  yet  the  local  conglomerate 
(Sub-division  7)  has  nowhere  been  aetected  on  the  norti-west 
limb  of  the  Lesmahagow  inlier.  In  the  sequel  we  shall  point 
out  that  it  is  tj^^ically  developed  in  the  Hagshaw  anticline  and 
near  Carmichael  Maiif^e. 

(8)  Red  and  Yellotr  Sandstones  (6b  in  Fig.  117). — Perhaps 
the  finest  section  of  the  passage  from  the  green  flaggy  and  sandy 
greywackes  (Upper  Ludlow)  into  the  overlying  red  and  yellow 
false-bddded  sandstone  is  to  be  seen  in   the  Blackberry  Bum — 
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a  tributary  of  the  Logan  Water.  At  a  point  about  half  a  mile 
up  from  the  foot  of  the  stream,  the  passage-bedB  consist  of  red 
mucUtones  and  sandstones  wliich  dip  towards  W.N.W.  at  angles , 
vaiying  from  15°  to  IS*".  They  graduate  downwards  into  the 
uppermost  Ludlow  group.  Similar  strata  are  observable  near 
the  junction  of  the  Kip  Burn,  but  the  sequence  is  there  disturbed 
by  a  normal  fault  trending  E.N.E.,  by  means  of  which  th^ 
Downtonian  beds  are  brought  into  conjunction  with  the  under- 
lying Ludlow  rocks. 

Still  further  to  the  south-west,  in  the  Leaze  Burn,  one  of  the 
tributaries  of  the  Dippal  Bum,  in  the  adjoining  county  of  Ayr, 
.  the  grey  flaggy  sandy  greywackes  (No.  6)  pass  upwards  into  red 
flaggy  sandstones  and  shales  which  are  inclined  to  the  W.N.W. 
at  angles  varying  from  10°  to  20°.  These  are  succeeded  by  false- 
bedded  yellow  sandstones,  which  are  extremely  friable,  and 
likewise  dip  to  the  W.N.W.  at  an  angle  of  about  10°,  though  in 
some  instances  gentle  undulations  are  observable.  In  the 
Uippal  Bum,  above  and  below  the  mouth  of  the  Leaze  Bum, 
these  yellow  beds  jire  admirably  seen.  Beyond  the  valley  of  the 
Dippal  in  the  tributary  which  drains  the  nollow  between  Regal 
and  Goodbush  Hills,  red  sandstones  are  associated  with  the 
yellow  beds. 

(9)  Tlie  Fishrheds. — ^The  group  of  strata  which  includes  the 
Downtonian  fish-band  (6c  in  Fig.  117)  is  well  exposed  in  the 
lower  reaches  of  the  Dippal  Burn,  in  the  Slot  Bum,  and  in 
various  streamleis  forming  the  sources  of  the  Glengavel  and 
Kype  Waters.  Its  members,  as  there  displayed,  may  be  described 
as  green  and  red  mudstones,  with  bands  of  grey  shale  and 
greywacke  in  marked  contrast  to  the  underlying  subdivision. 
Several  small  faults  intervene  which  interrupt  the  natural  sequence 
of  the  strata  both  in  the  Dippal  Burn  and  some  of  its  tributaries. 
The  fish-band,  the  most  interesting  feature  of  this  group, 
comprises  from  twelve  to  fifteen  feet  of  alternations  of  brown 
flaggy  carbonaceous  shales  and  green  mudstones.  No  organic 
remains  have  hitherto  been  found  in  the  mudstones ;  the  fishes 
and  eurypterids  occur  at  various  levels  throughout  the  car- 
bonaceous shales. 

The  Dippal  Burn,  from  the  shepherd's  house  at  Dippal 
down  to  near  its  point  of  junction  with  the  Slot  Bum,  displays 
an  almost  continuous  section  of  these  green  mudstones  and  sandy 
greywackes,  and  has  excavated  a  small  gorge  for  a  short  distance 
through  them.  At  a  point  about  350  yards  up  stream  from  the 
shepherd's  house,  on  the  south  bank,  an  exposure  of  the  fish  band 
may  be  seen.  Here  the  yellow  sandstones  are  overlain  by  black 
carbonaceous  sandstone,  which  is  in  turn  succeeded  by  the 
green  mudstones  with  brown  flaggy  carbonaceous  shales  con- 
taining ichthyolites.  The  thickness  of  the  fish-band  at  this 
locality  is  not  more  than  about  four  feet.  Below  the  shepherd's 
house,  green  mudstones  and  greywackes,  there  exposed,  lie  not 
far  from  the  horizon  of  the  fish-band,  for  the  latter  reappears  at 
a  point  about  200  yards  up  from  the  junction  of  the  Dippal 
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Bum  with  the  Greenock  Water,  where  some  of  the  characteristic 
fislies  of  the  zone  have  been  obtained,  viz. :  Thelodus  scoticus, 
Birkenia  elegans,  Lasanius  jirohlematicus,  *  Ateleasjm  tessellata, 
together  with  a  eur>qDteri(l. 

Again,  near  the  head  of  Dippal  Bum,  about  half  a  mile  to  the 
south-east  of  the  crest  of  Goodbush  Hill,  the  fish-band  is  again 
met  with,  evidently  occupying  a  geological  position  similar  to 
that  near  the  foot  of  the  stream.  The  normal  passage  down- 
wards into  the  yellow  sandstones  is,  however,  here  concealed  by 
a  fault,  which  is  probably  the  continuation  of  that  already 
described  as  occurring  in  the  Kip  Bum.  ^Vliere  it  crosses  the 
Dippal  Bum  it  is  probably  of  no  great  magnitude.  On  the  north 
side  of  this  fault  the  green  mudstones  and  fish-bearing  shales, 
which  are  here  thrown  against  the  yellow  sandstones,  are  about 
twelve  feet  thick.  The  fossils  obtained  from  this  exposure  are 
given  in  the  subjoined  list : 


Fucoid-like  markingn. 

Pachytheca  sp. 

Parka,  new  sp. 

Ceratiocaris  sp. 

Eurifpterus  dolichoschelus  (Laurie.) 


Lanarkia  spinuloaa  (Traq.) 
,,         fcorricia  (Traq.) 
,,  spinosa  (Traq.) 

Thelodus  acoticus  (Tra^i.) 
Birkenia  elegans  (Traq.) 


The  various  exposures  of  the  fish -band  just  described  occur 
along  the  south-east  margin  of  the  belt  formed  by  the  members 
of  group  9.  In  the  Slot  Bum,  one  of  the  tributaries  of  the 
Greenock  Water  near  Seggholm,  an  important  outcrop  of  this 
fossiliferous  zone  lies  considerably  to  the  north.  It  may,  never- 
theless, be  on  the  same  horizon,  for  the  beds  are  inclined  at 
gentle  angles,  and  in  some  cases  are  almost  flat,  while  the  out- 
crop of  the  fish-band  is  shifted  by  a  normal  fault.  This  view  is 
strengthened  by  the  fact  that,  on  the  crest  at  the  watershed  east 
of  Seggholm,  an  outlier  of  the  overlying  quartzite  conglomerate 
(group  10),  appears  about  half  a  mile  to  the  south  of  the 
normal  outcrop  of  the  band.  The  Slot  Bum  outcrop  appears 
about  200  yards  up  stream  from  the  house  at  Seggholm  (now  in 
ruins).  Here  the  fish-band,  comprising  fifteen  feet  of  fossili- 
ferous mudstones,  is  visible  on  the  right  bank,  where  it  forms  a 
steep  slope  strewn  with  rocky  debris.  This  is  one  of  the  two  best 
localities  for  ichthyolites  in  the  Downtonian  series,  for  all  the 
species  determined  by  Dr.  Traquair  from  this  horizon  have  been 
obtained  here,  together  with  eurypterids.     The  fossils  from  this 

f)lace  so  far  as  they  have  been  named  are  given  in  the  annexed 
ist: 

Plant  stems.  Lanarkia  »pinulo»a  (Traq.) 
Pachytheca  sp.  n        .Horrida  (Traq.) 

Dictyocaris  sp.  ,,        spinoaa  (Traq^) 

Sponge  ?  Thelodtia  Moticus  (Traq!) 

Ceratiocaris  lajca  (Jones  and  Woodw. )  Birkenia  elegans  (Traq. ) 

Eurypterus  dolichonchelua  (Laurie.)  iMsaniua  problematicus  (Traq.) 

Stylonurus  omatua  (Laurie.)  Ateleaspis  tesaellat<i  (Traq.) 
Myriapod. 
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A  short  distance  up  the  Slot  Burn  Mr.  Tait  recently  detected 
a  second  fish-band  on  a  slightly  higher  horizon,  which  yielded 
several  species  of  fishes,  together  ^^'itll  a  myriapod;  and  in  a 
streamlet  about  half  a  mile  to  the  south  of  this  locality  he  also 
obtained  specimens  of  Olanconome  in  sandy  shale  not  far  below 
the  outcrop  of  the  quartzite-conglomerate. 

It  is  hignly  probable  that  other  exposures  of  the  fish- band  may 
yet  be  found  along  the  northern  limb  of  the  Lesmahagow  inlier, 
as  that  region  has  not  yet  been  thoroughly  explored  since  the 
recent  discovery  of  fish- remains. 

(10)  Quart zite'Conglomerate. — The  outcrop  of  tliis  remarkable 
conglomerate  (6d  in  Fig.  117)  follows  a  sinuous  course  through  the 
moors  from  Middlefield  Law,  north-west  of  the  Greenock  Water 
in  the  county  of  Ayr  to  To\^Tiend  on  the  Kype  Water,  south- 
west of  Strathavon,  in  the  county  of  Lanark,  a  distance  of  about 
ten  miles.  In  this  region,  however,  it  is  not  so  typically 
developed  as  in  the  anticline  of  the  Hagshaw  Hills,  further  to 
the  south.  In  the  Slot  Bum,  for  instance,  near  Middlefield 
Law,  it  is  only  a  few  feet  thick,  though  it  still  bears  its  peculiar 
features,  viz.,  abundance  of  well-rounded  blocks  of  quartzite. 
To  the  north,  in  the  Powbrone  Bum,  it  is  represented  by  a 
yellowish  femiginous  sandstone,  in  which  are  set  a  few  pebbles 
of  quartzite.  Its  presence  can  be  traced  by  the  number  of  its 
peculiar  pebbles  strewn  over  the  moorlands  between  that  stream 
and  the  Kype  Water  at  Juan  Hill,  where  it  again  attains  a  con- 
siderable thickness  and  is  split  up  into  two  beds. 

(11)  Chocolate^ col aured  Sandstoves. — Next  in  order  chocolate- 
coloured  sandstones  (6e  in  Fig.  117),  occupy  a  considerable  area 
to  the  north  of  the  outcrop  of  the  quartzite-conglomerate,  and 
require  no  special  description  beyond  reference  to  the  fact  that 
they  present  the  normal  characters  of  the  Lower  Old  lied  Sand- 
stone division.  They  underlie  the  greywacke-conglomerate,  how- 
ever, which,  according  to  the  classification  adopted  in  these 
pages,  may  be  taken  as  a  convenient  base  to  the  Lower  Old  Red 
Sandstone.  This  conglomerate  is  well  seen  in  the  Cove  Bum, 
one  of  the  sources  of  the  Avon  Water,  in  the  south-west  comer 
of  Sheet  23  of  the  Sun-ey  Map.  Though  it  has  not  been  traced 
across  the  northern  part  of  the  red  sandstone  area,  its  presence  is 
indicated  by  numerous  scattered  pebbles  of  greywacke.  Still 
further  to  the  north-west,  in  the  neighbourhood  of  Lanfine, 
remains  of  Cephalaspis  Lyelli  were  found  many  years  ago  in 
the  overlying  red  sandstones,  which  clearly  belong  to  the  beds 
that  underlie  the  great  series  of  Lower  Old  Red  Sandstone 
volcanic  rocks. 

Having  described  in  the  foregoing  paragraphs  the  relations 
of  the  Downtonian  rocks  along  the  north-west  margin  of  the 
liBsmahagow  Upper  Silurian  inlier,  we  may  now  refer  to  their 
development  on  the  east  and  south-east  sides  of  that  tract, 
where,  as  already  indicated,  the  Wenlock  and  Ludlow  rocks  are 
abruptly  truncated  by  a  normal  fault  that  obscures  the  natural 
sequence  from  the  Upper  Ludlow  to  the   Downtonian  series.     In 
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this  area  the  various  zones  from  the  red  and  yellow  sandstones 
(Ght)up  8)  to  the  grej'wacke-conglomerate,  at  the  base  of  the 
Old  Red  Sandstone,  are  to  be  seen. 

The  best  section  occurs  in  the  Birkenhead  Burn,  a  tributary  of 
the  Logan  Water  which  traverses  all  the  important  zones  in  the 
Downtonian  series,  save  the  local  conglomerate  at  the  base 
(Fig.  117).  At  the  fault  which  brings  the  Downtonian  rocks 
into  contact  with  the  Ceratiocaris  beds  (No.  3),  red  sandy  mud- 
stones  extend  for  a  short  distance  down  stream,  inclined  to  the 
E.N.E.  at  an  angle  of  about  20°.  ITiese  are  followed  by  red 
sandstones  and  mudstones,  and  eventually  by  friable  yellow 
sandstones,  which  are  pierced  by  a  mass  of  yellow  ielsite, 
and  dip  in  a  similar  direction  at  angles  varying  from  40°  to  50° 
From  their  lithological  characters  there  can  be  no  doubt  that 
these  beds  belong  to  group  8,  a  conclusion  which  is  confirmed 
by  the  fact  that  further  down  the  stream  the  red  mudstones  pass 
upwards  into  the  group  of  strata  containing  the  fish-band. 
This  group  is  admirably  seen  in  the  bum,  at  a  point  about 
a  mile  west  of  Birkenheali  Farmhouse,  where,  on  the  north  bank, 
it  forms  a  cliff,  partly  covered  with  herbage,  but  laid  bare  for 
exploration  at  the  mouth  of  a  tributary  rivulet.  Like  the  beds 
in  the  Dippal  Burn,  the  members  of  this  group  consist  of  alter- 
nations of  green  mudstones  and  brown  carbonaceous  fish-bearing 
shales,  which  dip  to  the  E.N.E.  at  an  angle  of  about  80°,  and 
pass  below  a  fine  exposure  of  the  quartzite-conglomerate  (10). 

By  means  of  a  small  normal  fault  which  crosses  the  Birken- 
head Bum  in  an  E.N.E.  direction,  the  outcrops  of  the  green 
mudstones,  fish-bearing  shales,  and  the  overlying  quartzite- 
conglomerate  are  shifted  westwards  on  the  south  side  of  the 
stream.  On  that  side  the  green  mudstones  and  shales  are 
more  weathered  than  in  the  exposure  on  the  north  bank,  and 
they  more  readily  yield  the  characteristic  fishes  and  eurypterids. 
They  are  inclined  to  the  north-east  at  an  angle  of  about  45°, 
and  are  there  seen  to  rest  on  red  sandy  mudstones. 

The  total  thickness  of  the  fish-bearing  band  in  Birkenhead 
Bum  is  about  fifteen  feet,  which  includes  the  associated  lavers 
of  barren  green  mudstone.  The  lowest  fossiliferous  zone  of 
carbonaceous  shales  is  about  a  foot  thick,  while  higher  up  the 
fish- bearing  seams  measTire  from  one  to  six  inches.  The  remark- 
able feature  of  this  exposure  is  the  constant  association  of  the 
fish-fauna  with  eurypterids  that  are  characteristic  of  the  under- 
lying Upper  Ludlow  rocks.  The  fossils  obtained  by  the 
Geological  Survey  from  this  locality  are  given  in  the  annexed 
list: 


Plant-fl. 
Sponge. 
Ceratiocaris  sp. 
Eurypterus  sp. 
Pterygotus  bilobtis  1  (Salt.) 
SHimonia  acvminata  (Salt.) 
StyJonurua  sp. 


Theolodv."  sroticus  (Traq.) 
Lanarha  horrida  (Traq.) 
,,         njyinosa  (Traq.) 
,,         »pinulo8a  (Traq.) 
Birkenia  elegans  (Traq.) 
Lasanius  probUmaticus  (Traq.) 
AttUaapis  tesselUxta  (Traq.) 
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Lower  down  the  stream  the  quartzite-conglomerate  and  part 
of  the  underlving  fish-band  are  together  repeated  by  a  strike 
fault  with  a  downthrow  to  the .  east  Still  further  east  red  and 
grey  friable  sandstones  (11),  are  followed  by  the  greywacke 
conglomerate,  which  is  visible  near  the  foot  of  Jiirkenhead  Bum, 
and  passes  under  the  red  sandstones  of  Lower  Old  Red  Sandstone 
age,  which  at  Lesmahagow  yield  Cejphalaspis  Lyelli, 

The  section  of  Downtonian  rocks  in  the  Logan  Water,  though 
b}r  no  means  continuous,  resembles  in  some  respects  that  in  the 
Birkenhead    Bum,    for    the   group    containing    the    fish-band, 
together  with  the  overlying  quartz-conglomerate,  is  repeated  by 
means  of  a  strike  fault.     Immediately  to  the  east  of  the  nortn 
and  south  fault  that  tmncates  the  Ludlow  rocks  at  Dunside,  red 
sandstones  and  red  sandy  mudstones  appear  with  a  N.N.E.  dip. 
About  one-third  of  a  mile  to  the  east  of  the  fault  a  small 
exposure  of  the  quartzite-conglomerate  protrudes  through  the 
drift  to  the  north  of  the  alluvium.     A  fault,  though  not  visible, 
must  intervene  immediately  to  the  east  of  this  point,  for  the  red 
mudstones  reappear  and  are  associated  with  red  and  grey  flaggy 
shales.      Further    east,    towards    Achrobert,    the    Logan   Water 
displays  a  fine  development  of  the  quartzite-conglomerate  inter- 
beaded  with  sandstone,  the  strata  dipping  to  the  north-east  at  an 
angle  of  15°.     The  pebbles  of  quartzite  vary  in  size  from  a  few 
inches  to  a  foot  across.    A  search  has  been  made  for  ichthyolites 
in  the  grey  shales  associated  with  the  green  mudstones  beneath 
the  conglomerate  at  this  locality,  but  without  success.     At  the 
base  of  the  conglomerate  zone  a  sill  of  acid  intrusive  rock  has 
been  injected  along  the  bedding  planes.      Another  mass   of 
igneous  rock  occurs  to  the  east  of  this  conglomerate,  which  is 
followed  by  the  chocolate  and  grey  sandstones  below  the  grey- 
wacke-conglomerate. 

Along  the  south-east  side  of  the  Wenlock  and  Ludlow  rocks 
of  the  Lesmahagow  inlier,  the  boundary-fault  gradually  increases 
in  magnitude.  Hence  the  observer  finds,  that  southwards  from 
the  Birkenhead  Bum  to  tlie  Nethaii  Water  and  the  Anchen- 
stilloch  Hills,  higher  sub-divisions  of  the  Downtonian  series 
successively  come  in  contact  with  the  Wenlock  and  Ludlow 
rocks.  For  example,  in  the  Birkenhead  Bum,  as  we  have 
shown,  the  red  sandstones  and  mudstones  (8)  appear  next  the 
fault,  while  to  the  south-west,  in  the  Nethan  Water,  the  quart 
zite-conglomerate  (10)  occupies  that  position,  and  near  the 
Auchenstilloch  Hills  the  overlying  red  sandstones  (11)  are  in 
contact  with  the  Wenlock  rocks.  Further  to  the  south-west  the 
Wenlock,  Ludlow,  and  Do>vntonian  strata  are  buried  underneath 
the  various  sub-divisions  of  the  Carboniferous  system. 

ii.    HAGSHAW    HILLS   ANTICLINK. 

To  the  south  of  the  Carboniferous  areas  of  Muirkirk,  Glen- 
buck,  and  Bankend,  the  Ludlow  and  Downtonian  rocks  reappear 
along  the  anticline  of  the  Hagshaw  Hills,  where  the  strata  are 
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inclined  at  high  angles  and  where,  in  consequence,  the  various 
zones  follow  each  other  in  rapid  succession.  Though  the  beds 
on  the  southern  limb  of  this  fold  are  inverted,  the  anticlinal 
structure  is  well  defined  by  means  of  the  various'  bands  of 
conglomerate  which  in  that  region  are  typically  developed. 

From  the  neighbourhood  of  Little  Cairn  Table  (Sneet  15) 
north-eastwards  by  the  Glenbuck  I'eservoir  to  a  point  near  the 
margin  of  the  Carboniferous  rocks  at  Douglas  (Sheet  2?i),  a 
distsmce  of  about  five  miles,  the  Ludlow  beds  can  be  traced 
below  the  Downtonian  strata,  in  a  belt  which  varies  from  a 
quarter  to  a  third  of  a  mile  in  breadth.  Excellent  transverse 
sections  are  to  be  found  in  the  various  streams  that  drain  the 
southern  slopes  of  the  Hagshaw  Hills,  and  also  in  the  Ree  Bum, 
that  flows  north  to  join  the  Douglas  Water  at  Parishholm,  south 
of  the  Glenbuck  reservoir.  Though  some  of  the  zones  of  the 
Lesmahagow  inlier  have  been  identified  in  the  anticline  of  the 
Hagshaw  Hills  they  have  not  been  traced  from  end  to  end  of  the 
Silurian  belt,  whicn  is  largely  due  to  the  difficulty  of  obtaining 
the  characteristic  fossils.  Only  the  northern  limb  of  the  arcn 
of  Wenlock  and  Ludlow  rocks  has  here  been  preserved,  as  in 
the  case  of  the  Lesmahagow  inlier;  the  southern  limb  having 
been  abruptly  truncated  by  a  reversed  fault,  by  means  of  which 
the  strata  have  been  made  to  over-ride  successive  zones  of  the 
inverted  Downtonian  beds  (Fig.  118). 

Wenlock  and  I/udlow  Bocks. 

For  the  purpose  of  this  work  it  will  be  sufficient  to  refer  to  one 
or  two  typical  sections  showing  the  order  of  succession  from  the 
base  of  the  Downtonian  series  in  descending  order. 

Perhaps  the  best  section  occurs  in  the  Ree  Burn,  south  of  the 
Glenbuck  reservoir,  where  an  almost  continuous  sequence  of  the 
Ludlow  rocks  is  exposed.  At  a  point  in  the  Douglas  Water 
about  250  yards  east  of  the  foot  of  the  Ree  Burn,  the  highest 
Wsible  beds  beneath  the  basal  conglomei'ate  of  the  Downtonian 
series  consist  of  hard  grey  greywackes  and  grey-blue  flaggy 
shales,  dipping  towards  the  north-west  at  an  angle  of  55".  West- 
wards, beyond  a  basalt  dyke,  blue  and  grey  shales  appear, 
inclined  at  a  similar  high  angle,  and  yielding  specimens  of 
Orthoceras.  A  few  yards  up  the  Ree  Bum,  blue  finely-bedded 
shales  and  flagg^^  greywackes  have  supplied  specimens  of 
Ceratiocari^.  Slhnonia,  and  Bei/richiu  Klf/deni.  Further  south 
these  beds  are  succeeded  by  flaggy  shales,  which  contain  in  con- 
siderable abundance  fine  examples  of  Orthoceras,  and  are  in  turn 
underlain  by  greywacke.s  and  blue  shales,  which,  near  the  fault, 
are  shattered  and  folded,  the  dip  in  one  or  two  instances  being 
towards  the  south-east. 

In  the  Podowrin  Burn,  which  drains  the  south-west  slope  of 
Hagshaw  Hill  and  joins  the  Douglas  Water  near  Monksfoot,  a 
good  transverse  section  is  obtained  of  the  Ludlow  rocks.  Litho- 
logically  they  resemble  those  just  described  as  occurring  in  the 
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Kee  Bum,  and  they  likewise  have  a  general  dip  to  the  north- 
west at  angles  of  from  50°  to  60°,  though  in  a  few  instances  they 
are  inclined  to  the  south-east.  About  midway  between  the 
south-east  boundary  fault  and  the  upper  limit  of  the  Ludlow 
rocks  certain  beds  have  proved  highly  fossiliferous,  which  tends 
to  encourage  the  hope  that  further  investigation  may  trace  some 
of  the  sub-divisions  from  end  to  end  of  the  Hagshaw  Hills 
anticline.  The  following  species  have  been  obtained  from  this 
localitv : 


Favosites  aaper  (D'Orb.) 

LiTidstromia  sp. 

Glyptocrinus  haacUis  (M*Coy.) 

Crinoid  stems. 

Ceriopora  sp. 

Comvlites  sp. 

Beyrichia  Klcedeni  (M*Coy.) 

Ceratiocaris  papilio  (Salt.) 

Ccdymene  Blumenbachi  (Brong.) 

Encrirmrus  sp. 

lUcenus  sp. 

Proetxis  Stokesi  (Murch.) 


Siimonia  acumituxba  (Salt.) 
Athyris  (Gkusia)  compresaa  (Sow.) 
Orthis  Bouchardi  (Dav.) 

, ,    {DcdmaneUa)  degantula  (Dalm. ) 

,,    polygram7¥Ki  (Sow.) 
Str<mhomena  (Lept€ena)  rhomboidalis 

(Wilck.) 
CtenodorUa  sp. 
Orihonota  sp. 

Orthoceraa  anguUatum  (Wahl.) 
,,         small  smooth  sp. 


It  is  not  improbable  that  the  beds  containing  this  assemblage 
of  fossils  may  belong  to  Group  2  of  the  succession  in  the  Lesma- 
hagow  inlier,  where  a  somewhat  similar  facies  of  organic  remains 
has  been  obtained  (p.  572). 


Downtonian  Series. 

The  groups  of  the  Uowntonian  series  are  typically  developed 
along  the  north  side  of  the  Hagshaw  Hills  anticline.  Within  a 
horizontal  distance  of  three-quarters  of  a  mile,  the  various  sub- 
divisions from  the  local  conglomerate  at  the  base  to  the  chocolate 
sandstones  (11),  which  underlie  the  greywacke-conglomerate,  can 
be  examined.  The  relations  of  the  Downtoniau  groups  to  tlie 
Ludlow  and  Wenlock  strata  of  that  region  are  illustrated  by  the 
accompanpug  horizontal  section  which  is  drawn  across  the  south- 
western part  of  the  arch  from  Parishholm  Hill  north-west  by 
Glenbuck  reservoir  to  Hareshaw  Hill. 

In  the  northern  limb  of  the  fold  the  basal  conglomerate  (6a) 
follows  the  Upper  Ludlow  rocks  in  normal  sequence  on  the 
south  side  of  the  road  at  the  south-west  termination  of  the 
Glenbuck  reservoir,  where  it  is  inclined  to  the  north-west  at 
an  angle  of  30".  Lithologically,  it  differ  in  a  marked  degree 
from  the  quartzite-conglomerate  and  greywacke-conglomerate 
that  occupy  higher  horizons,  inasmuch  as  it  consists  generally 
of  small  pebbles  of  Arenig  volcanic  rocks,  radiolarian  chert,  and 
quartz,  with  an  occasional  small  pebble  of  Silurian  grit  or  grey- 
wacke.  The  matrix  is  composed  of  a  greenish-grey  friable  gnt, 
which  readily  decomposes. 

Next  in  order  come  red  and  yellow  sandstones  (6b),  visible  on 
the  west  bank  of  the  reservoir,  and  dipping  in  a  similar  direction 
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at  angles  varying  from  [80"  to  40^.  These  correspond  to  Group  8 
of  the  Lesmahagow  inlier.  The  south-east  side  of  the  reservoir 
displays  a  fine  development  of  the  succeeding  sub-division 
contaiuing  the  fish-band  (6c).  Here  red  mudstones  with  green 
mudstones  and  brown  carbonaceous  shales,  are  inclined  to  the 
N.N.W.  at  angles  varying  from  45*^  to  50°.  At  a  point  where  a 
small  stream  enters  the  reservoir,  ichthyolites  were  exhiuned 
from  these  shales,  referrible  to  the  genera  Lanarkia  and 
Birkenia,  The  fossiliferous  zone  is  followed  on  the  east  bank 
of  the  reservoir  by  the  quartzite-conglomerate  (6d),  which  there 
attains  a  thickness  of  100  feet,  and  presents  its  characteristic 
features,  viz.,  the  abundance  and  well  rounded  character  of 
pebbles  of  quartzite  derived  from  the  Highlands.  Next  in  order 
come  the  red  and  grey  sandstones  (6e),  followed  by  the  grey- 
wacke-conglomerate  (C^)  of  Hareshaw  Hill.  On  the  southern 
limb  of  the  fold  represented  in  Fig.  118,  only  the  members  of 
the  highest  group  (6e)  appear  on  the  south  side  of  the  reversed 
fault.  They  consist  of  red  and  grey  sandstones  and  dip  generally 
to  the  north-west  at  angles  varying  from  45°  to  50^ 

The  various  sub-divisions  of  the  Downtonian  series  can  be 
traced  along  the  north  side  of  the  Ludlow  anticline  of  the 
Hagshaw  Efills.  During  1898,  Mr.  Tait  proved  the  occurrence 
of  the  fish-band  at  three  new  localities — (V)  in  the  Douglas  Water 
south-west  of  Parishholm,  (2)  in  the  Monk  s' Water,  and  (3)  in  the 
Smithy  Burn,  north-east  of  Glenbuck  reservoir.  The  fossils 
obtained  from  an  exposure  in  a  gully  on  the  right  bank  of  Monk's 
Water,  about  three-quarters  of  a  mile  south  of  Monkshead,  are 
given  in  the  subjoined  list : 

Sponge  ?  Lnnarkia  sphwsa  (Traq.) 

Ckratiocarui  (                    ,  1          "         »pi^ulosa  (Tr&q.) 

Euiypteni^^  small  Hp,  ,,         hon'ida  (Traq.) 

Scorpion.  Birkenia  elegans  (Traq.) 

Thelodus  scoficvs  (Tnu j . )  Iami  n ins  jnuMeinfti  icn^  (Trw| . ) 

At  the  top  of  the  green  mudstones  (No.  9  of  the  Table,  p.  569  and 
ik  of  Fig.  118)  Mr.  Tait  detected  a  brown  sandy  shale 
abundantly  charged  with  Glaaconomo.  together  with  Sjnrorhia, 
euiypterids,  fishes  and  other  organic  remains.  This  zone  over- 
lies the  fish-bearing  bands,  both  in  the  Lesmahagow  and  Hag- 
shaw Hills  anticlines.  The  fossils  given  in  the  following  list 
have  been  collected  from  the  Glauconom^  band,  in  the  Smithy 
Bum — the  west  branch  of  Podowrin  Bum,  that  drains  the  south 
slope  of  Hag^iaw  Hill. 

Pachythecu  sp.  Spirorbis  sp. 

Sponge.  Lasanins  proHematietts  (Tra<i . ) 

Glaiicanoine  didicha  (Goldf.)  Atdca^sjm  tessdlcUa  (Traq.) 
Eu^ifptevHA  (Inlirho.'u^heJns  (Ijaurie.) 

On  the  southern  side  of  the  Ludlow  arch  only  the  members 
of  the  highest  sub- division  (6e)  of  the  Downtonian  series  can  be 
traced  from  end  to  end  of  the  area^  being  followed  in  normal 
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order  by  the  greywacke-conglomerate.  At  one  point,  however, 
viz.,  in  the  Monk's  Water,  a  small  exposure  of  the  quartzite- 
conglomerate  can  be  seen  in  contact  with  the  Wenlock  and 
Ludlow  rocks,  the  remainder  of  the  outcrop  being  concealed  by 
the  reversed  fault.  It  is  worthy  of  note  that  the  inversion  of 
the  Downtonian  rocks  is  not  persistent  along  the  southern  limb 
of  the  fold,  for  in  the  Monk's  Water  the  sub-divisions  ol  that 
series  generally  have  a  normal  dip  to  the  south-east. 

Hi.   CARMICHAEL   BURN   INLIER. 

To  the  north-east  of  the  Carboniferous  basin  of  the  Douglas 
Water  the  Ludlow  and  Downtonian  rocks  reappear  along  an 
axial  fold  in  the  neighbourhood  of  Carmichael  Manse,  which,  as 
already  indicated,  is  probably  a  continuation  of  the  arch  of  the 
Hagshaw  Hills.  The  sections,  however,  are  imperfect,  much  of 
the  evidence  being  concealed  by  drift  or  alluvial  deposits.  In 
the  Explanation  descriptive  of  the  area  included  in  Sheet  23 
of  the  one-inch  Map  of  Scotland,  reference  is  made  to  the 
occurrence  of  Upper  Silurian  fossils  in  certain  beds,  which,  at 
that  time,  were  believed  to  lie  more  than  5000  feet  up  from  the 
base  of  the  Lower  Old  Red  Sandstone  of  this  region.  The  dis- 
covery of  these  fossils  was  made  by  Sir  A.  Geikie  in  the  coui'se 
of  the  survey  of  that  district.  During  the  recent  re-examination 
of  the  ground  by  the  Geological  Sui'vey  certain  known  strati- 
graphical  horizons  were  detected  which  throw  light  on  the 
geological  structure. 

The  fossils  occur  in  the  Carmichael  Bum,  at  a  point  about 
250  yards  south  of  the  manse,  and  about  60  yards  north  from  a 
bridge  across  the  stream.  Here,  on  the  right  bank,  green 
mudstones  appear  with  a  dip  to  the  north-west  at  angles  varying 
from  45*^  to  50*^,  and  have  furnished  specimens  of  Mo7wgraptus,  Bey- 
richia  KUedeni,  Dithi/rocari:!  striata,  and  Orthoceras  dimidiatuw. 
These  mudstones  are  immediately  succeeded  by  a  fine  conglo- 
merate, containing  fragments  of  radiolarian  chert  and  Arenig 
volcanic  and  plutonic  rocks,  which  closely  resembles  in  litho- 
logical  characters  the  fine  conglomerate  that  forms  the  base  of 
the  Downtonian  series  in  the  Hagshaw  Hills  and  immediately 
overlies  the  Upper  Ludlow  beds.  Indeed  there  can  be  little 
doubt  that  we  have  here  the  representatives  of  the  Upper  Ludlow 
rocks  and  the  basal  conglomerate  of  the  Downtonian  series,  for 
further  down  the  stream  at  a  distance  of  500  yards  the  quartzit-e- 
conglomerate  (6d)  is  met  with  on  the  left  bank.  Owing  to  the 
depth  of  boulder  clay  no  solid  rock  is  visible  between  the  two 
conglomerates,  but,  notwithstanding  this  fact,  the  petrological 
characters  of  the  upper  band  are  quite  distinct.  It  contains 
well-rounded  pebbles  of  quartzite,  which  are  embedded  in  a 
sandy  matrix,  and  dips  to  the  noith-west  at  an  angle  of  20**. 
When  traced  to  the  south-west  this  horizon  reappears  on  the 
elope  of  Chapel  Hill,  where  the  rock  merges  into  a  conglomeratic 
sandstone  and  passes  underneath  chocolate  sandstones. 


Upper  Silurimi  Rocks  North  of  the  TahUland.  587 


UJ 

in 


Uf 


^ 


s 


6 


^0 


4) 


S 

s 


c 


3- 


t  s 


o 


^ 


I 


1} 


o      S 


<o 


<o 


P    3) 


i  ££-3 

2     i?^    -*      • 


0? 


.2  to 


Od 


«   p  d 


3 


O   e6 


a> 


^  QO  ;o 


588  Tke  Silurmii  Rocks  of  Scotlatid, 

To  the  south  of  the  exposure  of  Upper  Ludlow  mudstones  in 
the  Carmichael  Bum,  no  solid  rock  is  visible  for  a  distance  of 
upwards  of  half  a  mile,  so  that  we  have  no  evidence  bearing  on 
their  relations  to  the  strata  in  that  direction.  The  latter  consist 
of  sandstones  with  conglomei-atic  bands,  which  are  associated 
with  the  volcanic  and  plutonio  rocks  of  Lower  Old  Red  Sand- 
stone age.  It  is  highly  probable,  however,  that  in  the  Car- 
michael Burn  area  the  geological  relations  of  the  Upper  Ludlow 
and  Downtonian  rocks^are  identical  with  those  which  prevail  in 
the  Hagshaw  Hills ;  or,  in  other  words,  that  an  arch  of  Ludlow 
and  Downtonian  rocks  is  there  truncated  by  a  reversed  fault 
which  may  be  the  prolongation  of  tliat  in  tiie  "Hagshaw  Hills. 

iv.    AKEA   SOUTH   OF  TINTO. 

The  south-east  slope  of  Tinto  displays  a  prominent  exposure 
of  the  quartzite-conglomerate  of  the  Downtonian  series,  at  a 
point  about  a  mile  due  north  of  the  village  of  Wiston.  In  the 
fields  to  the  north-west  of  Eastfield  Farmnouse,  the  green  mud- 
stones  and  shales  (Group  9),  which  elsewhere  contain  the  Down- 
tonian fish-band,  are  visible,  while  in  the  bed  of  the  reservoir 
at  the  farm-steading  hard  greenish-grey  greywackes  and  shales 
resembling  the  Ludlow  rocks  of  Lanarkshire  are  met  with.  No 
organic  remains  have  been  obtained  from  these  beds,  but  the 
zones  of  the  Downtonian  series  are  nevertheless  quite  recog- 
nisable. Their  relations  to  the  greywacke-conglomerate  and  the 
volcanic  series  of  the  Lower  Old  Ked  Sandstone  have  not  been 
worked  out  in  detail,  but  it  seems  clear  that  the  greywackes  and 
shales  at  Eastfield  Farmhouse  are  faulted  against  the  adjacent 
lavas  of  Lower  Old  Red  Sandstone  age  which  lie  to  the  south.* 

*  During  1899  Mr.  Tait  obtained  further  organic  remains  from  the  Ludlow  and 
Downtonian  rocks  of  the  Lesmahagow  "inlier/  regarding  which  Dr.  Traquair  has 
kindly  supplied  the  following  note: — 

"Two  additional  specimens  of  Lasatihts,  collected  by  Mr.  Tait  at  Seggholm  since 
my  notes  at  p.  567  were  in  type,  indicate  a  new  species  distinguished  from  L,  pro- 
bleiHtjfiau  by  the  considerably  greater  proportional  size  and  length  of  the  spurs  or 
thorns  borne  by  the  median  scutes,  and  which  I  propose  to  designate  LamHtus  armattui. 
In  one  of  these  two  examples,  the  rays  of  the  acutely  bilobate  hetorocorcal  tail  are 
preserved,  the  arrangement  of  which  furnishes  the  long-desired  clue  to  the  position  of 
the  median  row  of  scutes,  proving  that  they  were  placed  along  the  ventral  margin  of 
the  body.  Consequently,  it  is  now  very  improbable  that  the  gridiron-like  arrangement 
of  ossicles  in  the  anterior  part  of  the  oody  had  anything  to  do  with  the  support  of 
the  branchiee. 

**BirJ(ren{a  eleoans  has  now  been  found  by  Mr.  Tait  in  the  Ceraiiocaru  band  (Ludlow) 
at  a  new  locabty,  a  few  yards  west  of  S^hanks  Castle,  Logan  Water." 
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CHAPTER  XXV. 

UPPER  SILURIAN  ROCKS  NORTH  OF  THE  TABLELAND 

— continued. 

THE   PENTLAND   HILLS. 

Within  the  range  of  the  Pentland  Hills  and  completely  sur- 
rounded by  various  sub-divisions  of  the  Old  Red  Sandstone  and 
some  of  the  associated  igneous  rocks,  four  isolated  patches  of 
Upper  Silurian  strata  have,  at  various  localities,  furnished  a 
large  and  definite  assemblage  of  organic  remains.  Though  far 
removed  from  the  Upper  Silurian  imiera  near  Lesmahagow  they 
nevertheless  have  certain  features  in  common,  for  here,  as  in 
Lanarkshire,  an  avsceuding  series  can  be  traced  from  the  Upper 
Ludlow  rocks  into  the  Cowntonian  passage-beds,  while  some 
of  the  palseontological  zones  may  be  correlated  in  the  two 
regions.  But  apart  from  these  characteristics,  considerable 
differences  in  the  respective  types  of  sedimentation  were  recog- 
nised by  Salter  in  his  Appendix  to  the  Geolo^cal  Survey  Memoir 
on  the  Geology  of  the  neighbourhood  of  Edinburgh. 

In  order  to  understand  the  complicated  relations  of  the  various 
patches  of  Upper  Silurian  strata  to  the  younger  Palueozoic  rocks 
of  the  Pentland  Hills,  it  is  necessaiy  to  bear  in  mind  that  we 
have  here  three  great  divisions,  whicli  for  some  time  have  been 
regarded  by  the  Geological  Survey  as  belonging  to  the  Old  Red 
Sandstone.  First,  there  is  the  series  of  passage  beds  (Down- 
tonian)  which  rest  conformably  on  the  Upper  Ludlow  rocks  and 
are  composed  of  red  and  yellow  sandstones,  alternating  with 
green  and  red  mudstones  and  sandy  greywackes,  well  dis- 
played in  the  sections  of  the  river  Esk  and  the  Lyne  Water. 
Second,  there  is  the  volcanic  series  of  the  Lower  Old  Red  Sand- 
stone, which  includes  a  great  succession  of  lavas  and  tuffs 
underlain  bv  red  sandstones,  shales,  and  conglomerates,  the 
basal  bed  being  a  coarse  conglomerate  composed  mainly  of  grey- 
wacke  pebbles  derived  from  the  ancient  Silurian  Tablelana.. 
While  in  Lanarkshire  no  unconformability  has  been  traced 
between  the  Upper  Silurian  and  Old  Red  Sandstone  groups 
(p.  568),  yet  in  the  Pentland  Hills  this  greywacke-conglomerate 
rests  on  the  upturned  edges  of  the  Wenlock,  Ludlow,  and 
Downtonian  or  passage  beds  into  the  Lower  Old  Red  Sandstone. 
This  prominent  discordance  is  well  seen  along  the  southern  and 
part  of  the  northern  margins  of  the  Silurian  inlier  between  the 
Lvne  Water  and  the  river  Esk.  Third,  there  are  the  representa- 
tives  of  the  Upper  Old  Red  Sandstone,  whiih  are  separated  by  a 
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marked  unconformability  from  all  older  rocks ;  indeed^  this  dis- 
cordance is  so  conspicuous  on  the  northern  slopes  of  the  range 
that  at  Bavelaw  Castle  the  red  sandstones  of  this  upper  division 
repose  immediately  on  the  highly  inclined  Silurian  series. 

A  study  of  the  physical  relations  and  distribution  of  the 
strata  in  the  various  Upper  Silurian  inliers  in  the  Pentland 
Hills  reveals  the  important  fact  that  some  of  the  graptolite  zones 
which  occur  close  to  the  North  Esk  resei-voir  reappear  several 
miles  to  the  north  at  Habbie's  Howe  and  Bavelaw  Castle.  It  is 
therefore  apparent  that  during  the  interval  represented  by^  the 
unconformability  between  the  Downtonian  beds  and  the  grey- 
wacke-conglomerate  the  Upper  Silurian  and  Downtonian  groups 
must  together  have  been  reduplicated  by  folds  and  subjected 
to  prolonged  denudation. 

The  various  areas  of  Upper  Silurian  rocks  in  the  Pentland 
Hills  may  be  grouped  as  follows:  (1)  The  tract  on  the  south 
side  of  the  watershed  extending  from  the  Lyne  Water  by  the 
North  Esk  River  to  Green  Law,  a  distance  of  three  and  a  half 
miles ;  (2)  the  patch  at  Loganlee  reservoir ;  (-3)  the  Hare  Hill 
and  Bavelaw  Castle  inlier ;  (4)  the  patch  in  Bavelaw  Bum  near 
Craigenterrie,  situated  to  the  north-east  of  the  Black  Hill. 

i.   INLIER   EXTENDING   FROM   THE   LYNE   WATER   BY   THE  NORTH   ESK 

TO   GREEN   LAW. 

This  patch  of  Upper  Silurian  strata,  which  occupies  between 
two  and  three  square  miles  of  the  hilly  ground  at  the  head  of  the 
North  Esk  and  Lyne  Water,  is  the  largest  and  most  important 
of  the  series ;  indeed,  it  is  the  onlv  one  in  the  Pentlana  Hills 
that  shows  the  Downtonian  passage  beds  in  addition  to  the 
Wenlock  and  Ludlow  rocks.  The  two  main  sections  are  those 
exposed  in  the  North  Esk  and  Lyne  Water,  the  former  showing 
a  complete  transverse  section  of  the  Wenlock,  Ludlow,  and 
]>ortion  of  the  Downtonian  strata,  while  the  latter  traverses 
mainly  the  passage  beds  overlying  the  Ludlow  rocks. 

WenhcJi'  ami  lAuUoir  Series. 

In  the  chapter  devoted  to  the  Historv  of  Research  among 
the  Silurian  rocks  of  the  Pentland  Hills  reference  has  been 
made  to  the  gradual  development  of  our  knowledge  regarding  the 
geological  structure  and  palaeontological  sub-divisions  of  the 
district.  It  may  be  suflScient  to  recall  the  fact  that  the  general 
order  of  succession  in  the  North  Esk  as  given  by  Sir  A.  Geikie 
in  the  Memoir  on  the  Geology  of  the  neighbourhood  of  Edin- 
burgh has  been  confirmed  by  subsequent  investigators.  He 
showed  that  by  traversing  the  Esk  from  Carlops  northwards  to 
the  watershed,  the  observer  crosses  the  series  nearly  at  right 
angles  to  its  strike,  and  that  with  the  exception  of  certain  minor 
folds  an  ascending  succession  is  traceable  from  the  green,  grey, 
and  reddish  shales  at  the  reservoir  to  the  Downtonian  or  passage 
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beds  near  the  watershed.  The  researches  of  various  local 
observers,  notably  of  Messrs.  John  Henderson  and  1).  J.  Brown, 
have  proved  the  existence  of  certain  palseontological  zones,  some 
of  which  yield  a  large  assemblage  of  organic  remains.  Messrs. 
Henderson  and  Brown  further  showed  that  the  Downtonian  or 
passage  beds  at  the  head  of  the  Xoiih  Esk  section  are  traceable 
across  the  hills  in  a  south-west  direction  to  the  Lyne  Water, 
suggesting  at  the  same  time,  from  the  presence  of  marine 
fossils  in  the  conformable  red  sandstone  series,  that  the  latter 
might  belong  to  the  Silurian  instead  of  the  Lower  Old  Red 
Sandstone  system.* 

Since  the  North  Esk  section  was  first  mapped  by  the  present 
Director-General  of  the  Survey,  the  various  palseontological 
zones,  as  indicated  by  Messrs.  Henderson  and  Brown  in  their 
papers  on  the  Silurian  Rocks  of  the  Pentland  Hills  (Trans.  Edin. 
Geol.  Soc.,  vol.  i.,  pp.  2'i-33,  pp.  266-272),  have  been  examined 
by  the  Geological  Survey,  and  a  large  suite  of  fossils  has  been 
gathered,  which,  together  with  some  of  the  lists  published  by 
Messrs.  Henderson,  Brown,  and  others,  are  incorporated  in  the 
following  descriptions  (Fig.  120). 

At  the  southern  limit  of  the  section,  below  the  reservoir,  the 
river  and  the  adjoining  rivulets  have  laid  bare  numerous 
exposures  of  green,  grey,  and  reddish  shales  with  occasional 
bands  of  grit,  which  dip  sometimes  towards  the  north-west  and 
sometimes  towards  the  south-east  at  angles  varying  from  50**  to  75°. 
From  certain  seams  below  the  reservoir  the  Geological  Survey 
obtained  specimens  of  Mmiograpius,  Nucleospira  pis^im,  CucuUella 
sp.,  while  Messrs.  Henderson  and  Brown  have  recoi-ded  the  following 
additional  forms :  Mmiof/raptus  jmodon,  Betiolites  geinitzianus, 
Glassia  (Athyris)  comjfressa,  and  Theca  sp.  from  a  knob  near 
the  cottage  at  the  reservoir  (Band  A).  Northwards  towards 
the  northern  side  of  the  reservoir,  strata  of  the  same  general 
type  as  those  just  described  are  well  seen  on  the  shore  of 
the  lake  above  the  mouth  of  Gutterf  ord  Bum.  Here  occur  zones  of 
green  and  red  lumpy  shales,  with  occasional  grit  bands,  contain- 
ing abundant  remains  of  Dlctyocarls  Ramsayi  (Salt.),  which  are 
either  vertical  or  inclined  to  the  north-west  at  high  angles. 
Similar  strata  appear  in  the  Xorth  Esk  as  far  as  the  quarries 
below  the  mouth  of  the  second  rivulet  above  the  reservoir.  On 
the  right  bank  of  the  river,  near  the  head  of  the  reservoir,  certain 
flaggy  bands  of  sandy  grit,  east  of  an  old  quarry,  jaelded  to  the 
Geological  Survey  trinoid  stems,  Dicfyocaris  Rainsayi,  Orthonota, 
and  Pterinea;  and  to  Messrs.  Henderson  and  Brown  Olassia 
(Athyris)  camjyressa  and  Bellerophon  dilatatus.    • 

The  Gutterford  Bum — an  important  tributary^  of  the  Esk  from 
the  north-east — displays  an  admirable  section  of  this  series 
of  shales,  which  has  become  widely  known  within  recent  years 
from  the  discovery  by  Mr.  Henderson  of  certain  seams,  jaelding 
new  forms  of  eurypterids,  described  by  Mr.  Malcolm  Laurie. 

•  Trans.  Edin.  Geol.  Soc.     Vol.  i.,  p.  272. 
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These  organic  remains  are  associated  with  a  few  species  of 
graptolites  of  characteristic  Wenlock  types,  which  leave  no 
douot  as  to  the  stratigraphical  horizon  of  the  beds.  Of  further 
interest  is  the  occurrence  of  a  thin  band  of  coralline  and  encri- 
nital  limestone  and  certain  beds  containing  well  preserved 
remains  of  starfishes.  The  strata  in  the  Gutterford  Bum  con- 
sist generally  of  green  and  grey  shales  with  bands  of  micaceous 
flaggy  gi*eywacke  and  red  and  purple  shale,  which,  from  the 
constant  change  of  dip,  are  apparently  repeated  by  sharp  folds. 
Indeed,  throughout  some  parts  of  the  section  the  dip  is  so 
persistently  to  the  south-east  that  many  of  the  outcrops  may  be 
inverted.  Near  the  head  of  the  stream,  which  is  about  a  mile 
in  length,  green  and  buff-coloured  mudstones  alternate  with 
green  micaceous  sandy  flags  and  greywackes.  At  a  point  about 
twenty-five  yards  north  from  the  ruin  of  Gutterford  shepherd's 
house,  on  the  east  bank,  the  fossiliferous  beds  yield  well-pre- 
sei'ved  specimens  of  starfishes.  From  the  green  and  buff- 
coloured  mudstones  and  shales  the  following  specimens  have 
been  obtained:  * 

Moiwgraptus  vomerinua  (Nich.)  |   Phacops  Stokesi  (M.  Edw.^ 

Palotaster  sp.  |    Olassia  (Athyris)  obovata  (Sow.) 

Oheirurus  bimucronatus  (Murch.)  ;    Orthis  sp. 

The  starfishes,  however,  occur  in  greater  abundance  in  one 
of  the  green  sandy  bands,  varying  in  thickness  from  a  few  inches 
to  a  foot  and  a  half,  which  are  associated  with  the  mudstones. 
These  have  yielded  specimens  of  Ptilodictya,  Monograptus  vomerinua, 
Palceaster,  Palasterina,  Protaster,  and  Periechocrinus. 

About  a  quarter  of  a  mile  below  the  ruin  of  the  shepherd's 
house  the  beds  crop  out  which  have  yielded  the  new  forms  of 
eurypterids.  The  locality  is  about  half  a  mile  up  the  bum 
from  the  North  Esk  reservoir,  where  on  the  east  bank  the  strata 
consist  of  flaggy  micaceous  greywackes,  breaking  with  an  irregu- 
lar fracture  and  dipping  towards  the  south-east  at  an  angle  of 
80^.  A  characteristic  feature  of  this  eurypterid  bed  is  the 
abundance  on  the  divisional  planes  of  that  enigmatical  fossil, 
Dictyocaris  Ramsayi,  forming,  indeed,  large  black  patches  about 
an  inch  and  a  half  across.  Graptolites,  though  numbering  few 
species,  are  not  of  infrequent  occurrence,  and  considering  the 
sandy  nature  of  the  material,  are  in  fairly  good  preservation. 
The  following  list  of  organisms  from  this  band  is  based  partly 
on  the  researches  of  Mr.  Malcolm  Laurie,  and  partly  on  an 
examination  of  specimens  in  the  Hardie  collection  determined 
bv  Mr.  B.  N.  Peach: 

Amphispongia  sp.  Dictyonema  (Chondrites)  verisimile 

NiduUtes  favu8  (Salt.)  (Salt.) 

Dictyonema  venustum  (Lapw.)  Oyrtograptus  Murchisoni  ?  (Carr.) 

*  We  beg  to  express  our  obligations  to  Dr.  Traquair,  F.R.S.,  for  permission  to  examine 
the  Hardie  collection  of  fossils  from  the  Upper  Silurian  Rocks  of  the  Pentland  Hills,  now 

{)Iaced  in  the  Museum  of  Science  and  Art,  Edinburgh.    This  collection  was  made  by  the 
ate  Mr.  Hardie,  of  Bavelaw,  who,  for  many  years,  searched  the  Silurian  Rocks  of  the 
Pentlftnd  HilN  for  eurvpterids  and  starfishes. 
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Monograptus  priodon  (Bronn.) 
,,  vomerinus  (Nich.) 

Fawmtes  sp. 

Tentctculites  tenuis  (Sow.) 

PdUuterina  sp. 

Crinoid  fragments. 

Phacopssp, 

Ceraiiocaris  sp. 

Bembycoaoma  pomphdeus  (Laurie.) 

I)rqp(mopt€ru9pentkmdicii8  (Laurie.) 
,,  oembycoidea  (Laurie.) 

,,  lobatus  (Laurie.) 

Eurypterus  contciM(Laurie.) 
minor  (Laurie.) 
acoticu8  (Laurie.) 
cyclopMh>dlmti8  (Laurie.) 


Eurypterus  3  sp.  undetermined. 
StykmMTUs  eUgans  (Laurie.) 

,,  mouir(yphthailmu8  (Laurie.) 

,,  omatus  (Laurie.) 

Slimonia  dvlna  (Laurie.) 
Dictyocaris  Bamsayi  (Salt.) 
PcUcRophonus  loudanensis  (Laurie.) 
Lingida  Lewisi  (Sow.) 

, ,       Symondsi  (Salt. ) 
Strophomena  Wahnstedti  (Lindst.) 
Euomphalus  rugosiis  (Sow.) 
(hnularia  rnonile  (Ijindst.) 

,,        Sowerbyi  (Def.) 

,,        sp. 
Orthoceras  angulatum  (Wahl.) 
Oomphoceras  eUipticum  1  (M*Coy.) 

Mr.  Malcolm  Laurie,  who  has  described  the  Arthropods  from 
the  locality  just  referred  to  in  the  Gutterford  Bum,  has  kindl}^ 
furnished  the  following  note^  gi^i^g  the  results  of  his 
researches : 

"The  zoological  interest  of  the  Arthropoda  found  in  thia 
deposit  is  very  great.  Notwithstanding  the  small  exposure  of 
the  fossiliferous  band,  four  genera,  embracing  ten  species  of 
Eurypteridce  have  been  collected.  Two  of  the  genera  are 
pecmiar  to  this  horizon.  The  great  variety  of  forms  together 
with  the  high  development  of  two  of  the  species  {Stylanurus 
omatus  and  Eurypterus  scoticTis),  occurring  in  this  band — as 
yet  the  oldest  from  which  specific  forms  have  been  obtained — 
shows  that  their  first  appearance  must  date  further  back  than 
Wenlock  time.  While,  however,  certain  forms  are  highly 
developed,  the  general  facies  of  the  remains  as  a  whole  is  of  an 
opposite  character.  Slimonia  dubia,  Styhnurus  ma/yrophthahnus, 
and  S.  elegant  are  all  forms  in  which  the  generic  charact-ei*s  are 
somewhat  slightly  developed.  This  is  most  marked  in  the  limbs 
in  the  two  species  of  Styhiiiurus  and  in  the  form  of  the  body  in 
Slimonia, 

"  The  generalised  aspect  of  this  fauna  is  still  better  exempli- 
fied in  the  genus  Drepam^opterus,  in  which  the  most  marked 
generic  character  is  the  absence  of  specialisation  of  the  limbs. 
This  is  best  seen  in  D,  bemhycoides,  in  which  there  is  a  gradual 
increase  in  the  length  of  these  organs  from  before  backwards, 
but  an  entire  absence  of  the  differentiation  of  the  posterior  pair 
either  into  flattened  '  swimming  feet '  as  in  Eurypterus,  Pterif- 
gotus,  and  Slimonia,  or  into  elongated  crawling  legs  as  in 
Styhnurus.  Along  with  the  absence  of  J  specialisation  in  the 
limbs,  there  is  a  conical  form  of  body  without  any  marked 
distinction  between  the  mesosomatic  and  metasomatic  regions. 
This  unspecialised  type  of  eurj^terid  is  of  great  interest, 
especially  as  it  is  found  in  such  a  low  stratigraphical  horizon 
where  it  might  naturally  be  expected  to  occur. 

''The  somewhat  problematical  form  which  I  have  described 
as  Bembycosoma  pomphicus  may  possibly  be  related  to  Hemiaspis 
rather  than  to  the  Eurypteridce.      If  this   be  so,  it   is  markedly 
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less  liiglily  developed  as  regards  the  foi-m  of  the  body  than  the 
typical  Hemiaspis.  In  the  latter  there  is  a  marked  narrowing  at 
the  metasomatic  region,  whereas  in  Bembycosoma  the  body  is  conical. 

"  Perhaps  the  most  interesting  species  from  this  deposit,  how- 
ever, is  a  Scorpion — Palasophonus  loudoneTms — described  from 
one  specimen  which  is  in  a  bad  state  of  preservation  but  shows 
the  forward  position  of  the  eyes  and  the  proportionately  large 
chelicerce  characteristic  of  the  genus.  The  point  of  the  greatest 
morphological  importance  in  this  specimen  is  an  indication  of 
what  may  have  been  plate-like  appendages  on  the  raesosomatic 
segments.  Should  this  interpretation  of  the  obscure  markings 
on  these  segments  be  correct  it  would  imply  either  that  this  form 
was  aquatic  and  furnished  with  gills,  or,  if  terrestrial,  that  the 
original  gill  bearing  appendages  had  not  become  completely  fused 
with  the  abdomen  to  form  an  air  chamber  as  in  the  recent  forms. 

"  Looking  at  the  fauna  of  this  bed  as  a  whole  it  may  safely  be 
said  to  have  yielded  more  information  of  importance  and  interest 
concerning  these  fossil  arthropoda  than  any  other  single  deposit. 
This  makes  it  the  more  to  be  regretted  that  it  is  now  almost 
impossible  to  get  further  material  from  it. 

"The  species  described  from  it  are  : 

t  Palaeophanus  loufk^nensis  (Laurie.)  I  t  Dr€pa/n^tenisbem^coides(L&uTie.) 

t  Slimonia  diUna  (Laurie.)  ;  t  Euryptenis  scoticus  (Laurie.) 

*  Stylonurus  macrophthcUmu^  j  t-          ,,         minor  (Laurie.) 

(Laurie.)  *  ,,        conicus  (Laurie.) 


•  ,,  oma^ti^  (Laurie.) 
t          ,,          elegans  (Laurie.) 

t  Drepanopterus  lobatus  (Laurie.) 

*  ,,         pentlandicusCLAune.) 


cyclopMh<dmus(LA\xne.) 
t  Bembycosoma  pomphicua  (Laurie.) 
Ceraiiocaria  Bp." 


About  fifteen  yards  down  stream  from  the  eu^rypterid  band 
a  seam  of  limestone  about  ten  inches  thick  lies  embedded  in 
mudstones,  shales,  and  greywackes.  Weathering  with  a  rich 
brown  colour,  this  rock  in  fresh  fracture  is  found  to  be  made 
lip  in  large  part  of  crinoid  stems,  while  containing  also  remains 
of  corals,  brachiopods,  and  severieil  other  calcareous  organisms. 
The  species  given  in  the  annexed  list  have  been  determined 
from  specimens  in  the  Hardie  collection  obtained  from  this 
locality,  together  with  specimens  collected  by  the  Geological 
Survey: 


Nidvlites  favus  (Salt,) 
Dictyonema  (Chondrites)  verisimile 

(Salt.) 
Monograptus  priodon  (Bronn.) 
, ,  vomerinus  (Nich. ) 

Oyrtograptus  sp. 
Ceriopora  grantdosa  (Goldf.) 
Ptilodictya  sp. 
Favosites  gothlandiciLs  (Fougt.) 

,,        multiportis  (Lonsd.) 

,,        asper  (D'Orb.) 
HeUolUes  sp. 
Oytxt^wphyllum. 

*  Trans.  Roy.  Soc.  Edin.,  vol.  xxxTii.,  p.  161.         f  Trans.  Roy.  Soc,  Bdin.,  vol.  xxxix. 


Ptychophyllum  pateUaium  (M.  Edw.) 
Strombodes  plicatiis  (Lonsd.) 
Streptekismxi  (Petraia)  dongatum 

(Phil.) 
Lept<ena(Plectambonites)  transversalis 

(WaW.) 
Orthis  (DalmaneUa)  elegantula 

(Dalm.) 
Atrypa  reticularis  (Linn.) 
Strophomena,  (Leptijeiia)  rhomboidalis 

(WHck.) 
Oyrtoceras  sp. 
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Beturuing  now  to  the  North  Esk  sectioiii  the  observer  finds  in 
certain  quarries  near  the  second  rivulet,  about  a  third  of  a  mile 
above  the  reservoir,  a  group  of  vertical  strata,  about  200  feet 
thick,  which  differ  consideraoly  in  character  from  the  great  shaly 
division  just  described.  They  consist  of  hard  sandstones  and 
quartzose  grits,  which  contain  fossils,  easily  discernible  on 
weathered  surfaces,  and  in  the  centre  of  the  quarry  a  shaly  band 
yields  specimens  of  Orthonota  amygdalina.  From  these  beds 
the  following  forms  have  been  collected  at  various  dates  by  the 
Geological  Survey  (Band  B  of  A.  Geikie,  C  of  Henderwn  and 
Brown) : 

Crinoid  steins.  Orthonota  amygdalina  (Sow,) 

PerieehocrinMs  sp.  Platyachisma  siiwulanB  (Salt.) 

Olassia  (Athyri^  conipresaa  (Sow.)  Mytilua  mytUhneria  (Conrad.) 

Atrypa  reticularia  (Lmn.)  Pterinea  sp. 

Orthonota  (Ctenodonta)  thracioides  Holopella  obwUta  (Sow.) 

(Salt.) 

About  half  a  mile  to  the  south-west  of  this  locality  these 
arenaceous  beds  reappear  near  the  head  of  Deerhope  Bum,  where 
they  present  similar  characters  and  yidd  a  similar  assemblage 
of  organic  remains. 

In  the  North  Esk  section  the  fossiliferous  grits  of  the  quarry 
above  mentioned  are  succeeded  by  greenish-grey  shales  and 
sandy  bands,  which  are  highly  fossiliferous.  It  was  the  large 
assemblage  of  organic  i^mains  from  this  horizon  (Band  D) 
which  led  Messrs.  Henderson  and  Brown  to  the  conclusion*  that 
the  rocks  of  Wenlock  age  occur  in  the  Pentland  Hills — ^an 
opinion  which  has  been  confirmed  by  Mr.  Davidson  in  his 
memoir,  "  On  the  Upper  Silurian  Brachiopoda  of  the  Pentland 
Hills."  The  forms  given  in  the  annexed  list  are  taken  from  the 
papers  published  by  Messrs.  Henderson  and  Brown  (Trans.  Geol. 
Soc.  Edin.,  pp.  31-^3,  p.  268,  Band  D) : 

Ohaetetes  Fletcheri  (M.  Edw.)  Strophomena  applanata  (Salt.  J 

PetraiambduplicataQ/LVoj.)  ,             ,,           comprcwo  (Sow.) 

,,      sp.  ,,           Henderaoni  (D&v.) 

Stenopora  fibrosa  (Groldf . )  . ,           peeten  (Linn. ) 

Ceriopora  grafudoaa  ((Joldf . )  , ,           rhomhoidalis  (Wilck. ) 

PtilodictyafucoidesCMi'Coj.)  ,             „            Walmstedti  (LandBt.)    ' 

Atrypa  reticvlaris  (Linn.)  '   Anodimtopsis  huUa  (M'Coy.) 

Ghoiietes  driaUUa  (Dalm.)  ,    Gtenodonta  2  sp. 

Leptcma  transveraalis  (Wahl.)  ;    OuculleUa  antiqua  (Sow.)l 

Ltngula  Lewm  (Sow.)  Goniophora  cymbaformis  (Sow.) 

MerUAdUt  tumida  (Dalm.)  Mytilus  mytilimeris  (Conrad.) 

Nudeospira  ptsum  (Sow. )  Orthonota  amygdalina  (Sow. ) 

Orbicidoidea  Forhen  (D&y,)  ,,         ZmZia  (Salt.) 

Orthi$  hUoba  (Linn. )  , ,         impresaa  (Sow. . ) 

elegantvla  (Daha.)  i          ,,         ri^ida  (Sow.) 

,,      Lewid(I>a,y.)  ,.        rotundata  (Sow.) 

,,      polygramma  (Sow.)  ,,         truncata  (WCoj.) 

,,      sp.  Pterinea  asperula  (M'CoyT) 

Strophomena  antiquata  (Sow.)  ,,        tenuistriata  (M'CJoy.) 

•  Trans,  of  the  Geol.  Soc.  Edin.     Vol.  i.,  p.  268. 
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Pterinea  sp. 

BeUeroph<m  dilatatus  (Sow.) 
,,  sp. 

OucUyMma  sp. 

Euomphalus  akUua  (His.) 
funatua  (Sow.) 
mgosus  (Sow.) 
scxdptus  (Sow.) 
sp. 

HolapeUa  obadeta  ^Sow.) 

Looconeina  elegans  (M*Coy.) 

Pkttyschisma  drnvlarM  (Salt.) 

Pleurotmnana  sp. 


»» 


?> 


»i 


Lituites  sp. 

Orthocenu  excentricum  (Sow.) 
an^iiia^m  (Sow.) 
, ,         3  sp. 
Phracfmoceraa  compressum  (Sow.) 
Beynchia  Kkedeni  (M*Coy.) 
Entomia  impendens  (Jones.) 

, ,        tvherosa  (Jones. ) 
Acidaspis  Wrightt  (Murch.) 
Gaty^nene  Blumenbachi  (Brong.) 
Encrinurus  sp. 
Phacopa  Stokeai  (M.  Edw.) 


Not  far  to  the  south-west  of  this  outcrop  of  fossiliferous  shales 
(Band  D  of  Henderson  and  Brown)  in  the  North  Esk,  an 
exposure  of  similar  beds  may  be  seen  alongside  of  a  footpath 
high  up  on  the  south  slope  of  the  tributary  valley  of  Netherlaw 
Linn,  whence  the  foUo^wdng  fossils  have  been  collected  by  the 
Geological  Survey : 


Plant. 

An^hispangia  Manga  (Salt.) 

Coral. 

Alveolites  repens  (Fougt.) 

,,  sp. 

Favositea  sp. 
Petraia  sp. 
Hdiolites  sp. 
Diastopora  sp. 
PtUodictya  sp. 
Crinoid  stems. 

TurrOepai  Wrighti  ( Woodw. ) 
Beyrichia  vrnpendena  (Jones.) 
Calymene  Blumeiibdchi  (Brong.) 
Encrinxirus  punctatiM  (Brunn.) 

„  sp. 

Phacops  Stoken  (M.  Edw.) 

,,       sp. 
Atrypa  reticvlaris  (Linn.) 
Ghonetes  striateUa  (Dalm.) 
J^t<jenu(Plect^nibimiteii)tra7i8veradli8 

(WaW.) 
MeristeUa  MacLareni  (Hasw.) 
Nudeospira  piaum  (Sow.) 
Orhicvloidea  Forhesi  (Dav.) 
Orthis  (BUobites)  hUoba  (Lmn.) 

(DcUmaneUa)  degantula  (Dalm. ) 
Lewm  (Bay.) 
polygramma  (Sow.) 


»? 


<» 


Crania  (Pholidops)  implieaia  (Sow.) 
RhynchoneUa  nucvla  (Sow.) 

, ,  pentUmdica  (Hasw. ) 

,,  IFiZ«>ni(Sow.) 

Spirifera  exporrecta  (Wahl.) 
Strophomena  antiqucUa  (Sow.) 
c^lanata  (Salt,) 
Sendersoni  (Dav.) 
pecten  (Linn.) 
(Leptcsna)  rhamboidalis 

(WUck.) 
sp. 

Whitfieidia  (MeristeUa)  tumida. 
Anodontopsis  huUa  (M'Coy.) 

,,  hicina  (Salt.) 

Modiolopsis  allied  to  Chemnitzia, 

,,  TO. 

Orthonota  SaXteri  (Eth.  jun.) 

„        sp. 
Gardiola  sp. 
Ctenodonta  sp. 
Pterinea  sp. 
Bdlerophcm  sp. 
Oydonema  sp. 

Evontphalus  sculptus  (Sow.) 
Holopella  obsoleta  (Sow.) 
Oonularia  sp. 
Theca  sp. 
Orthocera>8  sp. 


»? 


»» 


i» 


«» 


Still  further  towards  the  south-west  the  same  band  reappears 
near  the  head  of  the  Deerhope  Bum,  where  it  has  likewise 
furnished  to  the  Geological  Survey  a  large  ntunber  of  charac- 
teristic fossils. 

In  the  Esk  section,  the  beds  of  the  succeeding  zone  (Band  E 
of  Henderson  and  Brown)  are  exposed  at  the  mouth  of  the 
Wetherlaw  Linn — a  small  tributary  stream  on  the  west  side  of 
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the  yalley — aud  also  on  tlie  west  bank  of  the  £sk,  a  few  yards  to 
the  north  of  that  tributary.  They  consist  of  mudstones,  shales, 
and  sandy  bands  of  a  greenish-grey  tint,  and  weather  with  a  marked 
concretionary  structure.  In  certain  layers,  they  are  crowded 
with  casta  o^  fossils,  a  characteristic  W  of  one  of  the  seams 
being  LeptoBna  transver salts.  From  the  scar  on  the  west  bank 
of  the  Esk,  a  few  yards  north  of  the  Wetherlaw  Linn  Bum,  the 
fossils  given  in  the  subjoined  list  were  obtained  by  the  Geological 
Survey: 


Amphispongta  oblanga  (Salt.)  Orthis  minuta  (young  of  S,pecten,) 

Sponge  spicules.  Rhj/nchoneUa  pentlandica  (Hasw. ) 

Monograptus  sp.  ,   Strophomena  antiqtuxta  (Sow.) 


Favosites  gotklandica  (Fougt.)  I  ,,  applanata  (Salt.) 

Coral.  ,,  pecten  (Linn.) 

Ceriopora  granulosa  (Goldf.)  ,,  (Lept<tna)  rhomboidalis 

Diastopora  sp.  (Wilck.) 

PtUodtctya  sp.  , ,  -  Walmstedti  (Lindst. ) 

TurrUepas  Wrighti  (Woodw.)  A7wdo7itopsis  lucina  (Salt.) 
Beyrichia  (Entomis)  impendens              i  ,,  Salteri  (Eth.) 

(Jones.)  Ctenodonta  obeaa  (Salt.) 

,,        jK^Zojcfem  (M*Coy.)  Pttrinea. 

,,         (Entomis)  tuberosa  (Jones.)  BeUerophon  carinatus  (Sow.) 

(Jalymene  Blumenhachi ^rong.)  Euomphalus  funvtius  (Sow.) 
Encrinunis  punctatus  (^Tixn.)  ,,  sp. 

,,  sp.  Hclopella  ohsoleta  (Sow.) 

Phacops  Stokesi  (M.  Edw.)  ^donema, 

Atrypa  reticularis  (Linn.)  Platyceras  (Acroculia)  ardiqwoitum 
Chanetes.  (Salt.) 

Lept^n<i(Plectanibonitts)tran9ver8aiis  ,,         GKbbsi  (Eth,  jun.) 

(Wahl.)  Comilaria  SowerJ^i  (Def.) 

Lu/nulicardium  eleaans  (Salt.)  /  Theca  sp. 

Orthis(Dalma7iella)elegantvla(I>aln\ )   '  LituUes  sp. 

Lewisi  (Dav.)  Orihoceras  sp. 


»» 


The  concretionary  sandy  mudstones  just  described  preserve 
their  highly  fossiliferous  character  in  the  lower  portion  of  the 
Wetherlaw  Linn  Bum;  they  likewise  pass  south-westwards 
across  the  head  of  Deerhope  Bum,  and  are  eventually  overlapped 
by  the  greywacke-conglomerates  and  sandstones  at  the  base  of 
the  volcanic  zone  of  the  Lower  Old  Red  Sandstone. 

Next  in  order  in  the  Esk  section,  at  a  point  about  150  yards 
north  of  Wetherlaw  Linn,  come  concretionary  greenish-brown 
sandstone  and  shales  (Band  F  of  Henderson  and  Brown),  which 
famish  numerous  and  well-preserved  specimens  of  Orthocera^ 
MacLare7ii.  In  addition  to  this  form,  the  Geological  Survey  has 
collected  from  it  Bictijonema  (Chondrites)  verisimile,  Rhynchonella> 
miculaf  Platyceras  (Acroculia)  antiquatum,  Entomis  titberosa,  with 
a  fragment  of  a  crustacean ;  while  Messrs.  Henderson  and  Brown 
have  obtained  also  Crania  (Pholidops)  impUcata,  Spirifera  sp., 
Pterinea  retroflsooa,  and  Conularia  Sovjerbyi. 

A  little  further  north  the  Esk  is  joined  from  the  west  by  the 
Henshaw  Bum,  in  which,  a  few  yards  from  its  foot,  yellowish 
brown  sandy  concretionary  sparingly  fossiliferous  bands  appear. 
These  are  rapidly  succeeded  by  dark  brown  sandy  shales  yielding 
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a  large  assemblage  of  organic  remains  (Band  H  of  Henderson 
and  Brown) ;  those  given  in  the  subjoined  list  have  been  here 
collected  by  the  Geological  Survey : 


Dictyonema  (Chondrites). 

AthyrU  sp. 

MeristeUa  MacLareni  (Haswell.) 

Nudeospira  pisum  (Sow.) 

Rhifncfumdla  pentktndica  (Hasw.) 

Anodontopsis  ImUa  (M*Coy.) 

CkicuUeUa  antiqtM  (Jones.) 

Nucula  sp. 

HolopeUa  obsoleta  (Sow.) 

Platyceras  {Acroculia)  antiquatum 

(Salt.) 


Platyceras  Oihbsi  (Eth.  jun.)  ? 
Convlaria  Sowerhyi  (De  Franc.) 
Orthocercts  auhundulat'um  (Portl.) 
Encrinurus  sp. 
Pterygotus  bilobus  (Salt.) 
Sliinonia  acuminata  (Salt.) 
Entomis  tuheroaa  (Jones.) 
Dictyocaris  Bamsayi  (Salt. ) 


The  following  additional  forms  have  been  recorded  from  this 
zone  by  Messrs.  Henderson  and  Brown,  viz. : 


Antifopsis  sp. 

Beyrichia  impendens  (Jones.) 
Cythere  umhilicata  (Jones.) 
Leperditia  umbonata. 
Lingvla  luta  (Sow.) 


Cyrtia  exporrecta  (Wahl.) 
Pterinea  retroflexa  (Wahl.) 
Platyschisma  simulans  (Salt.) 
BeUerophon  escpansus  (Sow.^ 
Orthoceras  gregarium  (Sow.) 


Among  the  noteworthy  palasontological  features  of  the  zone 
are :  (1)  the  great  abundance  of  a  new  species  of  Rhynchonella 
discovered  by  the  late  Mr.  Haswell  and  named  by  him  JR. 
pentlandicay  and  (2)  the  common  occurrence  of  Platyschisma 
simulans.  Indeed,  in  the  North  Esk  section  the  members  of  this 
zone  (Band  H)  lie  not  far  beneath  the  Downtonian  or  passage 
beds,  for  they  graduate  upwards  through  some  green  sandy  shales 
and  soft  red  shales  into  a  band  of  recT  conglomerate  which  here 
marks  the  base  of  the  conformable  red  sandstone  series.  In  the 
first  edition  of  the  Geological  Survey  Map  of  the  Edinburgh 
region  (Sheet  32),  these  soft  red  shales  ana  conglomerates  were 
correctly  taken  as  indicating  the  base  of  the  conformable  red 
sandstone  series,  but  in  the  sequel  we  shall  show  that  Messrs. 
Henderson  and  Brown  were  likewise  right  in  their  contention 
that  these  red  beds  and  the  underlying  Ludlow  rocks  are  pro- 
longed south-westwards  to  the  Lyne  Water,  where  they  appear 
to  &e  south  of  Hareshaw. 

Downtonian  Series. 


The  exposures  of  this  overlying  conformable  series  both  in  the 
Xorth  Esk  and  Henshaw  Burn  are  by  no  means  satisfactory,  as 
the  sections  are  not  continuous,  but  taken  in  connection  with 
the  evidence  furnished  by  the  Lyne  Water,  the  strata  may  be 
correlated  in  a  general  way  with  their  OTobable  equivalents  in 
the  Lesmahagow  region.  In  the  North  Esk  they  consist  of  red 
and  yellow  sandstones,  grits,  and  shales,  which  are  exposed  only 
at  intervals  in  the  stream  northwards  for  a  distance  of  about 
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300  yards.  At  their  northern  limit  the^  are  abruptly  truncated 
by  a  fault  which  brings  down  against  them  the  Upper  Old  Red 
Sandstone.  In  like  manner,  in  the  Henshaw  Bum,  similar  red 
sandstones  appear  at  intervals,  and  at  one  point  near  their 
northern  limit  a  band  of  conglomerate  with  a  few  quartzite 
pebbles,  recalls  the  quartzite-conglomerate  that  overlies  the 
fish-bed  in  the  Lesmahagow  region.  In  these  sections  we  fail 
to  find  the  green  shales  and  mudstones  associated  with  the  con- 
formable red  sandstones  at  Lesmahagow  and  in  the  Lyne  Water. 
There  are,  however,  numerous  gaps  where  no  strata  are  visible, 
so  that  these  rocks  might  quite  well  occur  in  the  North  Esk 
section  though  not  at  present  exposed  there.  The  discovery  by 
Messrs.  Henderson  and  Brown  of  Entonvis  tvherosa,  Platyschisma 
heliciteSf  and  fragments  of  an  Orthoceras  in  certain  yellow  and 
red  beds  on  the  Deerhope  Rig,  at  a  point  about  600  yards  west 
from  the  foot  of  the  Henshaw  Bum,  may  be  of  importance, 
if  these  fossils  really  occur  within  the  Red  Sandstone  series. 

The  section  in  the  Lyne  Water  (Fig.  121)  at  the  south-west 
limit  of  the  Upper  Silurian  inlier  of  the  Pentland  Hills,  lays  open 
an  important  development  of  Upper  Ludlow  rocks.  A  small 
tributary  which  joins  the  Lyne  from  the  east,  at  a  point  about 
300  yards  south  of  Hareshaw  shepherd's  house  flows  nearly 
parallel  to  the  general  strike  of  the  Silurian  strata,  which  here 
consist  of  green  shales  and  mudstones,  resembling  the  Upper 
Ludlow  rocks  of  the  North  Esk.  Along  their  southern  limit 
they  are  faulted  against  the  greywacke-conglomerate  which 
forms  the  base  of  the  sedimentary  strata  underlying  the  volcanic 
division  of  the  Lower  Old  Red  Sandstone.  This  dislocation  is 
of  no  great  amount,  for  the  beds  of  conglomerate  and  sandstone 
are  nearly  flat  or  dip  at  a  gentle  angle  to  the  south-east — that  is, 
away  from  the  Upper  Suurian  axis.  But  such  as  it  is,  the 
fault  is  seen  in  the  Lyne  Water  below  the  foot  of  this  tributary 
stream,  and  likewise  in  the  south  bremch  of  that  tributary. 
Towards  the  close  of  1896  a  careful  search  for  fossils  was  made 
in  the  green  shales  and  mudstones  exposed  in  this  bum,  with 
the  result  that  some  of  the  characteristic  forms  of  the  Upper 
Ludlow  rocks  in  the  North  Esk  were  obtained  in  considerable 
numbers,  which,  with  others,  are  given  in  the  accompanying  list : 

TurrUepas  sp.  Bell^rophan  sp. 

Beyrichia  impendens  (Jones.)  Ghdoaes  sp. 

„         Klcedeni  (M*Coy.)  Pl(itifceras(Acroctdia)cornutum{Hiis.) 
CeraMocarU  Murchiaoni  (M'Coy.)  ,,  ,,  antiqxicUum 

EhynchaneUa  penMandica  (Has w . )  (Salt. ) 

Grammy sia  rotv/ndata  (Sow.)  Platyachvtma  mnulans  (Salt.) 
Mytilus  mytilimerijt  (Conr.)                    ,   Orthoceras  Mo/cLareni  (Salt.) 

In  the  Lyne  Water  at  the  junction  of  the  two  streams  a  small 
exposure  of  conglomerate  may  be  seen,  the  relations  of  which  are 
uncertain,  but  which  is  probably  faulted  against  the  Silurian 
rocks,  for  there  is  here  evidence  of  much  disturbance.  Lnmedi- 
ately  to  the  north  of  this  conglomerate  the  green  shales  and 


Ui>p»r  .SUnHan  Rocks  North  of  the  TahleUnd.  601 


S  "ill 

I  III 

•5  I      '    sIIj! 

I  I  ^ ilii 

^  I    I  1161 

%  i  I  Ilii 

^  ?  ^  §11  i 

I  a  d  |*ft| 

1  S    5  ^    2pi 


s  13   3 

I  iJil 


s  °l?l   I  'i 


i|  irr 


602  The  Silurian  Bocks  of  Scotland, 

mudstones  of  Upper  Ludlow  age  reappear,  and  have  yielded  the 
following  forms : 

Periechocrinus  moniliformis  (Mill.)  Platyceras  (Acroculia)  atvtiqva^um 
Orinoid  stems.  (Salt.) 

Entomis  sp.  Plattfschism^a  simulans  (Salt.^ 

Tunrdepcts  Wirighti  (Woodw.)  Pleurotomaria  hdicina  (Linast.) 

Ceratiocaria  leptodaci^lus  (M*Coy.)  Tremanotus  longitvdinalis  (Lindst.) 

, ,  Mu rchisoni  (M  *Coy . )  Orfhoceras  MacLareni  (Salt. ) 

Orthonota  solenoides. 

Northwards,  at  a  prominent  bend  in  the  Lyne  Water  to  the 
west,  and  about  270  yards  south  of  Hareshaw  shepherd's  house, 
coarse  conglomerate  is  met  with,  dipping  towards  the  north-west 
at  high  angles.  It  contains  large  peobles  of  porphyry  and  other 
rocks,  but  these  are  hardly  distinctive  enougn  to  determine  the 
precise  geological  horizon  of  this  band.  At  the  point  where 
the  Lyne  leaves  its  east  and  west  course  and  resumes  its  normal 
trend,  this  coarse  conglomerate  is  bounded  on  the  west  side  by  a 
north  and  south  fault,  having  a  downthrow  to  the  east,  which 
brings  it  in  contact  with  fine  conglomerate  and  red  sandstones, 
well  seen  on  the  west  bank  of  the  Lyne  about  260  yards  south 
of  Hareshaw,  where  they  are  inclined  to  the  north-west  at  high 
angles.  These  pebbly  and  sandy  sediments  are  evidenfly  tne 
basement  beds  of  the  conformable  red  sandstone  series  (l5own- 
tonian).  They  are  exposed  at  intervals  in  the  bed  of  the  Lyne 
Water  northwards  as  far  as  the  shepherd's  house  of  Hareshaw, 
and  are  either  vertical  or  inclined  at  high  angles  to  the  north- 
west. 

Further  up  the  same  watercourse  these  conformable  red  sand- 
stones are  succeeded  by  green  and  blue  shales  and  mudstones 
with  bands  of  flaggy  greywacke,  which,  at  a  bend  in  the  stream 
one-third  of  a  mile  north  of  Hareshaw,  have  yielded  fragments 
of  Dictyocaris.  From  their  Hthological  characters  they  are 
evidently  the  counterpart  of  the  green  and  grey  slaty  shales 
which,  in  the  Lanarkshire  area,  overlie  the  first  zone  of  red  sand- 
stones and  underlie  the  conglomerate  so  abundantly  charged 
with  quartzite  pebbles.  A  careful  search  has  here  been  made 
for  the  fish-band  which  is  such  a  persistent  horizon  in  the  Les- 
mahagow  region.  During  1898,  Mr.  Tait  detected  a  brown  sandy 
shale,  on  both  sides  of  the  Lyne  Water  north  of  Hareshaw  which 

S 'elded  the  fossils  characteristic  of  the  Glanconome  zone  in  the 
owntonian  rocks  of  Lanarkshire.  On  the  east  bank  of  this 
stream,  twenty  yards  north  of  the  sheepf old,  about  one-third  of 
a  mile  north  of  Hareshaw,  this  band  yielded  a  sponge,  Glavr 
conomSy  Spirorhis,  together  with  a  fragment  of  Ateleojspis  tessellata. 
Moreover,  along  the  line  of  strike,  about  three-quarters  of  a  mile 
north-east  of  the  locality  just  referred  to,  the  (rlanconoms  band 
was  noted  in  the  Lynslie  Bum. 

Northwards,  in  the  Lyne  Water  these  green  mudstones  and 
shales  are  followed  by  red  pebbly  sandstones  and  shales  with 
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suu-cracks,  which  extend  up  strecun  for  a  distance  of  a  quarter 
of  a  mile,  and  can  be  followed  along  the  strike  to  the  north-east, 
for  about  half  a  mile  to  the  Lynslie  Bum.  To  the  north  of  this 
narrow  belt  of  red  sandstones,  green  and  red  mudstones  and 
shales  again  appear  which  are  visible  in  the  Lyne  Water  and  in 
a  tributary  from  the  east,  up  to  its  junction  with  the  Lynslie 
Burn.  In  the  Lyne  Water  below  the  fork,  these  mudstones 
have  yielded  detached  fragments  of  fishes,  and  near  the  foot  of 
Lynslie  Bum,  close  to  the  red  sandstones,  they  furnished  to  Mr. 
Tait,  a  sponge  (?),  crinoid  stems,  Spirorhis,  together  with  minute 
fragments,  cjiiefly  scutes,  of  the  Downtonian  fishes;  Birheiiia 
elegans,  AUUaspis  iessellata,  and  LasaniiLS  prohlematicus,  Tlie 
stratigraphical  horizon  of  the  more  northerly  belt  of  red  sand- 
stones is  not  quite  clear ;  in  the  accompanying  section  (Fig.  121) 
it  is  repi'esented  as  a  repetition  by  folding  of  the  sandstone  belt 
south  of  Hareshaw.  • 

The  green  mudstones  and  shales  north  of  the  second  belt  of 
red  sandstones  in  the  Lyne  Water,  in  turn,  are  followed  by  red 
sandstones  with  red  and  green  shaly  partings  and  thin  bands  of 
conglomerate,  that  are  covered  unconformably  by  the  greywacke- 
conglomerate  and  sandstones  which  form  the  base  of  the  great 
volcanic  series  of  Lower  Old  Red  Sandstone  age.  It  is  of  import- 
ance to  note  that  in  the  Lyne  section  the  quai-tzite-conglomerate 
which  overlies  the  fish-band  in  Lanarksnire  has  not  hitherto 
been  observed. 

From  the  evidence  now  advanced  regarding  the  main  Upper 
Silurian  inlier  of  the  Pentland  Hills,  we  may  draw  the  following 
conclusions : 

(1)  In  the  lower  portion  of  the  North  Esk  section,  to  the  south 
and  north  of  the  reservoir,  and  especially  in  the  Gutterford 
Bum,  an  important  development  of  Wenlock  rocks  can  be 
separated  on  palaeontological  groimds  from  younger  strata. 

(2)  In  the  higher  part  of  the  Noi-th  Est,  to  the  north  of 
Wetherlaw  Linn  Bum,  representatives  of  Ludlow  rocks  contain 
some  of  the  characteristic  fossils  of  the  Upper  Ludlow  rocks  of 
Lanarkshire. 

(3)  In  the  Esk  section,  and  again  in  the  Lyne  Water,  green 
shales  and  mudstones  (Upper  Ludlow)  pass  upwards  into  a  com- 
formable  series  of  strata  (Downtonian),  composed  of  conglo- 
memtes  with  red  sandstones  and  green  and  grey  shales  and  grey- 
wackes,  the  latter  yielding  some  organic  remains  found  in  the 
Wenlock  and  Ludlow  rocks. 

(4)  Between  the  Wenlock,  Ludlow,  and  Downtonian  strata  on 
the  one  hand,  and  the  volcanic  series  of  the  Lower  Old  Red 
Sandstone  on  the  other,  there  is  here  a  complete  discordance,  for  the 
conglomerates  with  greywacke  pebbles,  derived  from  the  Silurian 
Tableland  and  forming  the  base  of  the  volcanic  series,  rest  on 
the  upturned  edges  alike  of  Wenlock,  Ludlow,  and  Downtonian 
strata. 
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ii.   HABBIE's  HOWE   INLIER. 

The  second  toact  of  Upper  Silurian  strata,  exposed  at  Habbie's 
Howe,  near  Loganlee  reservoir,  in  the  heart  of  the  Pentland 
Hills,  is  of  considerable  interest  from  the  occurrence  in  it  of 
certain  graptolites  that  help  to  define  the  geological  horizon  of 
the  beds.  The  area  is  very  limited,  since  it  forms  only  a  narrow 
lenticle,  about  three-quarters  of  a  mile  in  length  and  a  quarter 
of  a  mile  in  breadth.  It  is  bounded  on  the  south  by  a  fault 
that  brings  the  Upper  Silurian  strata  in  contact  with  the  con- 
temporaneous igneous  rocks  of  Lower  Old  Eed  Sandstone  age, 
while  on  the  north  side  it  is  bounded  by  a  mass  of  felsite 
belonging  to  the  same  period  of  volcanic  activity. 

Westwards  from  the  Loeanlee  reservoir,  the  Silurian  strata 
are  exposed  by  the  road-side,  at  a  point  about  260  yards  from 
the  lake,  immediately  to  the  west  of  a  band  of  tufi*,  and  they 
likewise  appear  at  intervals  for  a  distance  of  200  yards  up  the 
valley.  As  a  rule  they  are  vertical  or  nearly  so,  and  on  the 
north-west  side  are  faulted  against  the  mass  of  acid  intrusive 
rock  just  referred  to.  Towards  the  north-east  iJiey  are  visible 
on  the  hill  slope,  and  likewise  in  a  streamlet  that  empties  into 
the  reservoir.  Their  general  inclination  is  towards  tne  south- 
east at  high  angles.  There  is  little  variety  in  the  character  of 
the  strata,  as  uiey  consist  mainly  of  grey  slaty  shales.  Mr. 
Henderson  found  in  them  several  species  of  graptolites,  regard- 
ing which  Professor  Lapworth  has  made  the  following  observa- 
tions :* 

"On  the  whole  it  may  be  asserted  with  safety  that  the 
researches  of  Mr.  Henderson  have  furnished  us  with  six  distinct 
species  of  graptolites  from  the  shales  of  Habbie's  Howe,  viz.  : 
Monogra'ptus  colonus,  M,  priodon,  M.  scoticus,  M.  Flemingit 
Retiolites  geinitzianus,  and  Dlctyonema  assimile.  The  general 
f  acies  of  this  gi'oup  shows  at  a  glance  that  the  containing  beds  are 
of  Upper  Silurian  age.  The  absence  of  Monograptus  Sedgwichi, 
M.  Nihsoni,  and  other  peculiar  Llandovery  forms  forbids  us  to 
place  the  beds  in  that  formation,  while  the  certain  presence  of 
Monograptus  priodon  and  Gyrtograptus  scoticus,  which  ai'e 
unknown  in  the  Ludlow,  equally  forbids  us  to  assign  them  to 
that  formation.  They  must,  therefore,  be  considered  as  of 
Wenlock  age.  This  result  is  in  perfect  harmony  with  that 
deducible  from  their  stratigraphicai  position  and  from  the  fact 
of  their  great  lithological  resemblance  to  the  neighbouring  beds 
of  the  Esk  reservoir,  which  are  certainly  of  WeiJock  age." 

iii.   BAVELAW  CASTLE  INLIER. 

On  the  northern  slope  of  the  Pentland  Hills,  another  Upper 
Silurian  inlier  is  of  triangular  shape,  and  extends  from  the 
quarries  at  Bavelaw  Castle  to  the  western  slope  of  Black  Hill, 
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including  a  portion  of  Hare  HilL  In  this  i^mall  patch  numerous 
rock-exposures  are  to  be  seen  alons  its  southern  margin  between 
Bavelaw  Castle  and  the  northern  slope  of  Hare  ffill.  The  strata 
present  very  uniform  lithological  characters  consisting  of  zones 
of  grey  slaty  shales,  with  sandy  bands  or  flaggy  greywackes  and 
occasional  grits.  They  resemble  lithologicaJly  those  in  the  lower 
part  of  the  North  Esk — ^a  correlation  which  is  supported  by  their 
palaeontological  evidence. 

In  the  quarries  at  Bavelaw  Castle,  where  the  beds  dip  in 
different  directions,  sometimes  to  the  south-east  at  75*  and 
sometimes  to  the  north-west,  the  following  fossils  have  been 
collected  by  the  Geological  Survey : 


Glctaaia  (Athyru)  compressa  (Sow.) 
Lingula  lata  (Sow.) 

„       Lewisi  (Sow.) 
Phaeops  sp.  ,    Orthoceraa  sp. 

Gtenoaonta  sp.  Dictyocaris  sp. 


Euomphaius  sp. 
Pleurotcmaria  sp. 
Theca  sp. 


The  slope  of  the  range  along  the  northern  declivity  of  Hare 
Hill,  exposes  in  many  jilaces  grey  slaty  shales,  sandy  bands,  and 
occasional  grits,  which  are  evidently  repeated  by  folding,  though 
their  general  dip  is  to  the  west  or  W.N.W.  at  angles  varying 
from  40®  to  65".  Two  small  ravines  have  laid  open  fossiliferous 
strata;  the  west  ravine  has  furnished  specimens  of  Acidaspis, 
Olassia  (Athyris)  compressa,  Meristella  MacLa/reni,  CuculleUa  sp., 
Theca,  Orthoceras-,  and  the  east  ravine,  Monograptus,  Retiolites 
geinitzianus,  Dictyocaris,  Liiigula  Leivisi,  and  Orthoceras, 

This  palaeontological  evidence,  while  supporting  the  conclusion 
that  the  graptolite-bearing  bands  found  near  the  north  Esk 
reservoir,  appear  not  only  at  Habbie's  Howe  but  at  Hare  Hill 
on  the  northern  slope  of  the  Pentlands,  serves  to  show  that  the 
Wenlock,  Ludlow,  and  Downtonian  rocks  must  together  have 
been  folded  and  extensively  denuded  before  the  advent  of  the 
volcanic  period  of  the  Lower  Old  Red  Sandstone. 

Special  interest  attaches  to  this  inlier,  from  the  fact  that 
along  its  north-west  and  southern  margins  the  Silurian  strata 
are  overlain  unconformably  by  the  red  sandstones  and  breccia 
of  Tipper  0]d  Red  Sandstone  age. 

iv.   CRAIOENTERRIE  INLIER. 

At  the  base  of  the  northern  slope  of  the  Black  Hill,  and  about 
a  mile  to  the  east  of  Threepmuir  Quarry,  the  fourth  Upper 
Silurian  inlier  may  be  seen.  It  forms  a  small  triangular  patch, 
which,  on  the  west  aide,  is  covered  unconformably  by  the  tipper 
Old  Red  Sandstone,  on  the  east  side  is  faulted  against  the  Lower 
Old  Red  Sandstone  volcanic  series,  and  on  the  south  side  is 
pierced  by  a  mass  of  intrusive  acid  igneous  rock.  The  slaW 
shales  appear  at  the  base  of  the  northern  declivity  of  Black  Hill 
and  at  tne  source  of  a  small  bum  that  flows  eastwards  into 
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Threepmuir  reservoir,  but  so  far  as  known  to  us,  no  fossils  have 
yet  been  obtained  from  them. 

In  connection  with  the  Tipper  Silurian  rocks  of  the  Pentland 
Hills,  reference  ought  to  be  made  to  the  occurrence  of  numerous 
blocks  of  limestone  in  the  greywacke  conglomerate  of  Lower 
Old  Red  Sandstone  age  in  the  Logan  Bum,  about  half  a  mile 
west  of  the  Loganlee  reservoir,  which  contain  corals  and  other 
organisms,  a  large  number  of  which  are  Upper  Silurian  forms. 
In  all  likelihood  these  blocks  were  obtained  from  bands  of  lime- 
stone similar  to  that  in  the  Gutterford  Burn,  and  occurring 
within  the  Silurian  area  of  the  Pentland  Hills.  The  following 
list  of  fossils  procured  from  these  limestone-blocks  includes  forms 
collected  by  the  Geological  Survey,  together  with  those  in  the 
Hardie  collection : 


CHrvaneUa  sp. 
Crinoid  stems. 
Tetradium  Peachi  (Nich.) 
Favosites  gothUifidica  (Fougt.) 

,,         Hisingeri  (Milne  Edw.) 

„         sp. 
PUumapora  sp. 
Halffsites  sp. 
Hdiolitea  sp. 
Alveolites  sp. 
Ptilodicttfa  sp. 
Entomostraca. 
Harpes  ungtda  (?)  (Barr.) 
(hlyifiiene  sp. 
Phacop8  sp. 
Ling^ia  sp. 

Gyriia  eocpcrrecta  (Wahl.) 
Ghonefes  striaidla  (Dalm.) 


»j 


sp. 


Lept€Pn<i(Plectambonites)  transveradlis 

(Wahl.) 
sericea  (Sow.) 
sp. 
Orthis  caUigramma  (Dalm.) 
, ,    (Dalmanella)  deganUda  (Dalm . ) 
,,    rustica  (Sow.) 
,,    sp. 
Atrypa  reticularis  (Linn.) 
Strophomena  imbrex  (Pand.) 
pecten  (Linn.) 
{LepURna)  rhomhoidalis 

(Wilck.) 
Ehynchon^Ua  Wilsoni  (Sow.) 

„  sp. 

Spirifera  elevata  ?  (Dalm.) 
Q/donema  sp. 
Orthoceras  cancdiculcAum  (Sow.) 


i> 
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CHAPTEE  XXVI. 

THE  GALLOWAY  GRANITES  AND  ASSOCIATED 

IGNEOUS  ROCKS. 

GRANITE  MASSES. 

In  the  following  descriptions  the  three  main  masses  of  granitic 
rock  will  be  referred  to  as  the  Criffel  mass,  the  Caimsmore  of 
Fleet  mass,  and  the  Loch  Dee  mass. 

The  general  characters  of  the  Criffel  mass  have  already  been 
described  in  the  Memoir  on  Sheet  6,  but  in  order  to  make  clear 
its  relation  to  the  other  masses  it  is  desirable  to  repeat  the 
descriptions  already  published. 

Criffel  and  Dalbeattie  Mass. — The  prevailing 
type  of  rock  in  this  mass  is  a  moderately  coarse-grained  grey 
granite  or  quartz-diorite,  essentially  composed  of  biotite,  horn- 
blende, oligoclase,  an  alkali-felspar  and  quartz ;  iron-ores,  apatite, 
and  sphene  are  sdmost  always  present  as  accessory  constituents, 
and  a  pale-coloured  augite  is  occasionally  foiind.  The  biotite  is 
of  the  type  usually  occurring  in  granites.  The  basal  plane  is 
often  well  developed,  but  the  prismatic  planes  are  very  imperfect, 
and  it  is  rare  to  find  a  section  showing  even  an  approach  to  the 
hexagonal  form.  The  pleochroism  is  •  very  intense,  varying 
from  yellowish  or  reddish  brown  to  nearly  opaque.  The  first 
stage  in  the  alteration  of  this  mineral  is  seen  in  the  replace- 
ment of  the  deep  brown,  characteristic  of  the  |3  and  y  axes,  by 
a  green  colour,  and  this  may  occur  without  any  change  in  the 
colour,  for  rays  vibrating  parallel  to  the  a  axis.  The  final  stage 
of  alteration,  both  in  the  biotite  and  hornblende,  is  the  forma- 
tion of  chlorite  and  epidote. 

The  hornblende,  like  the  biotite,  is  not  markedly  idiomorphic, 
though  traces  of  the  prismatic  faces  and  the  clino-pinacoid  may 
occasionally  be  observed.  The  colour  of  the  hornblende  in  the 
normal  rock  is  green,  but  in  the  more  basic  modifications  and  in 
the  dioritic  inclusions,  greenish-brown,  and  even  brown  varieties 
may  sometimes  be  observed. 

The  dominant  felspar  in  all  the  rocks,  except  those  which 
represent  the  acid  veins,  is  a  plagioclase  allied  to  oligoclase  in 
composition.  It  is  white  in  the  hand  specimen,  and  mquently 
shows  a  somewhat  pearly  lustre  on  the  striated  cleavage  faces. 
Idiomorphism  is  a  marked  feature  of  the  plagioclase,  so  that  it 
evidently  belongs  to  an  early  phase  in  the  consolidation  of  the 
magma.     A  zonal  structure  may  frequently  be  seen,  and  this  is 
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most  marked  in  the  basic  varieties  of  rock.  The  external  por- 
tions of  the  zoned  individuals  are  frequently  more  acid  than  the 
central  parts,  but  there  is  no  rigid  law  as  to  the  increase  of 
acidity  from  centre  to  margin.  Narrow  zones  of  a  basic  felspar 
mav  recur  aeain  and  again  in  one  and  the  same  individual 
(6565).*     Inclusions  are  comparatively  rare  in  the  plagioclase. 

Both  plagioclase  and  alkali-felspar  become  turbid  by  the 
development  of  minute  flakes  of  a  micaceous  mineral. 

The  alkali-felspar  contains  both  potash  and  soda,  and  is  rich 
in  the  latter  alkali.  Tt  never  shows  any  trace  of  idiomorphism, 
but  forms,  together  with  quartz,  the  matrix  or  ground  mass,  if 
that  term  may  be  applied  to  a  granitic  rock,  in  which  the  other 
constituents  are  embedded.  The  extinction  is  often  wanting  in 
sharpness,  and  in  a  few  cases  microcHne  structure  has  been 
observed.  The  alkali-felspar  may  be  easily  distinguished  from 
the  oligoclase,  when  both  are  unaltered,  by  its  lower  refractive 
index  and  by  the  absence  of  crystalline  form. 

Quartz  occurs  in  irregular  grains  and  as  ophitic  patches.  In 
the  basic  rocks,  and  in  the  inclusions,  the  interstitial  character 
of  the  quartz  is  seen  in  the  most  marked  manner ;  small  patches 
wedged  in  between  the  idiomorphic  constituents  often  extinguish 
simultaneously  over  a  wide  area.  The  mineral  is  rich  in  inclu- 
sions containing  bubbles. 

The  accessory  constituents  do  not  require  detailed  description. 
The  sphene  is  widespread,  and  may  often  be  detected  in  the  hand 
specimen.  Under  the  microscope  it  is  seen  to  be  deeply  coloured, 
pleochroic,  and  idiomorphic.  It  is  very  abundant  in  some  of 
the  inclusions.  The  augite  deserves  more  than  a  passing  men- 
tion. It  is  the  pale-preen  or  nearly  colourless  variety  charac- 
teristic of  the  augite-granites,  and  usually  occurs  as  a  core  in 
hornblende.  In  some  of  the  more  basic  rocks  it  becomes  suf- 
ficiently abundant  to  deserve  recognition  as  an  essential  con- 
stituent. 

Biotite,  hornblende,  augite,  when  present,  and  oligoclase, 
belong  to  the  earlier  phases  of  consolidation ;  quartz  and  alkali- 
felspar  to  the  final  stages.  The  relative  proportions  of  the 
different  constituent «»  varv  in  different  parts  of  the  mass,  and  it 
is  doubtful  whether  the  prevailing  tvpe  of  rock  is  a  homblende- 
biotite-granite  or  a  quartz- diorite  of  the  tonalite-type.  In  any 
g:ood  exposure,  such  as  that  seen  at  the  granite  quarries  near 
Dalbeattie,  the  normal  granite  or  quartz-diorite  is  seen  to 
contain  basic  inclusions,  and  to  be  traversed  by  acid  veins.  The 
basic  inclusions,  so  far  as  they  have  been  examined,  always 
consist  of  a  quartz-diorite  richer  in  the  minerals  which  belong 
to  the  earlier  phases  of  consolidation,  and  poorer  in  quartz  and 
alkali-felspar  than  the  main  mass  of  the  rock.  Sphene  and 
apatite  are  especially  abundant  in  many  cases.  The  acid  veins, 
on  the  other  hand,  consist  almost  entirely  of  quartz  and  alkali- 
felspar.     The  narrow  veins  are  formed  of  a  fine-grained  aplite. 

•  The  figures  within  brackets  refer  to  the  nunibers  of  the  microscopic  sections  in  the 
collection  of  the  Geological  Survey. 
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hut  the  broad  veins  assume  the  character  of  pegmatite,  and 
frequently  show  the  graphic  intergrowth  of  quartz  and  felspar. 
These  broad  veins  may  sometimes  be  broken  down  the  median 
plane,  so  as  to  disclose  the  presence  of  drusy  or  miarolitic  cavities 
containing  crystals  of  smoky  quartz.  A  section  through  one  of 
the  pegmatitic  veins  in  the  Craignair  Quarry  (6596)  shows  the 
presence  of  a  narrow  band  of  nearly  pure  quartz  running  through 
the  middle  of  the  vein.  The  main  mass  of  the  vein  is  formed  of 
quartz  and  alkali-felspar,  sometimes  intergrown  so  as  to  form  a 
coarse  variety  of  micro-pegmatite.  Oligoclase  and  biotite  occur 
as  accessory  constituents.  The  alkali- felspar  occasionally  shows 
the  structure  of  micro-perthite,  but  microcline-structure  is  absent. 
The  following  table  gives  the  specific  gravity  of  each  of  the  rocks 
occurring  in  the  Craignair  Quarry 


Acid  vein, 
Normal  granite, 


»« 


Basic  inclusion. 


2-60 
2-66 
2-67 
277 
271 


So  far  we  have  been  referring  only  to  the  massive  rocks.  As 
a  type  of  the  foliated  rocks  we  may  select  a  specimen  from  CrifEel 
(1217).  This  is  a  medium-grained  gneissose  rock.  The  ferro- 
magnesian  constituents  form  somewhat  ill-defined  flaser  round 
phacoids  of  felspar  or  of  quartz  and  felspar.  Sphene  is  easily 
recognisable  with  a  lens.  Under  the  microscope  the  essential 
constituents  are  seen  to  be  biotite,  hornblende,  oligoclase,  alkali- 
felspar,  and  quartz.  A  pale-green  augite  (^mm.)  occurs  as  a 
core  in  one  of  the  patches  of  hornblende.  Brown  idiomorphic 
sphene  occurs  in  ciystals  of  considerable  size  ('3  to  75mm.).  The 
alkali-felspar  shows  occasionally  a  distinct  microcline-structure, 
and  contains  inclusions  of  oligoclase  and  quartz.  Small  patches 
of  felspar,  intergrown  with  vermicular  quartz,  are  present,  and 
also  one  or  two  grains  of  a  mineral  somewhat  doubtfully  referred 
to  orthite.  The  interstitial  movement  which  has  resulted  in  the 
production  of  foliation,  and  which  is  proved  by  the  field  evidence 
to  have  been  produced  by  earth  stresses  operating  after  the  rock 
had  reached  its  present  position,  and  after  the  formation  of  the 
acid  veins,  has  not  affected  all  the  constituents  alike.  The 
quartz  and  alkali-felspar,  which,  as  we  have  already  seen,  were 
tiie  last  constituents  to  solidify,  are  those  which  have  yielded 
most  to  the  deforming  stresses.  They  show  signs  of  crushing, 
and  frequently  pass  into  thin  micro-crystalline  or  even  crypto- 
ciystalline  streaks,  which  wind  round  the  comparatively 
uncrushed  crystals  of  oligoclase.  The  distribution  of  the  ferro- 
magnesian  constituents  has  been  modified  by  the  movement. 
Instead  of  being  irregularly  distributed  through  the  rock  they 
tend  to  form  flaser  in  association  with  the  micro-crystalline 
aggregate  of  quartz  and  alkali-felspar.  The  oligoclase  has  been 
little,  if  at  all,  affected  by  the  movement.     These  facts  clearly 

2p 
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prove  that  the  minerals  which  yield  most  readily  to  the  deform- 
ing forces  are  those  which  consolidate  last.  It  is  hiehly  pro- 
bable that  the  pressure  acted  before  the  rock-mass  had  actually 
cooled.     (See  Plate  XXIV.,  Fig.  2.) 

Two  specimens  taken  from  a  large  block  occurring  about  half 
a  mile  north  by  east  of  Kells  Farmhouse  near  Southwick  (6572 
and  6573)  represent  the  effects  of  deformation  in  a  more  extreme 
form.  The  rock  loses  the  gneissose  character,  and  finally  passes 
into  a  grey  granulite.  Th6  secondary  micro-crystalline  aggre- 
gate forms  a  much  larger  proportion  of  the  main  mass  of  these 
rocks,  and  cataclastic  structures  are  strongly  marked. 

The  foliation  not  only  affects  the  normal  hornblende-granite 
or  quartz-biotite-diorite,  but  also  the  veins  of  aplite  and  the 
basic  inclusions,  which  are  exceptionally  abundant  near  the 
junction  (6576,  6589,  and  6574).  Even  the  quartz  veins  are 
foliated  (6575).  iTi  all  cases  the  foliation  maintains  the  same 
general  direction.  The  foliated  veins  of  aplite  are  largely  com- 
posed of  the  secondary  micro-crystalline  aggregate  of  quartz  and 
felspar,  and  the  large  irregular  grains  of  alkali-felspar,  which 
have  escaped  crushing,  show  strain-phenomena  under  crossed 
nicols.  The  fact  that  the  foliation  in  these  veins  has  no  refer- 
ence whatever  to  the  direction  which  they  take  is  a  striking 
proof  that  it  cannot  be  due  to  fluxional  movement  during 
intrusion.  It  must  be  the  result  of  dynamic  forces  operating 
after  the  intrusion  of  the  granite  and  after  the  formation  of  the 
veins.  A  section,  prepared  from  a  specimen  collected  at  a  point 
about  a  quarter  of  a  mile  north  of  Kells  Farmhouse  (6589),  has 
been  cut  through  the  junction  of  an  acid  vein  with  the  normal 
granite.  The  junction  line  is  nearly  at  right  angles  to  the 
direction  of  foliation,  which  is  seen  to  pass  from  one  rock  to  the 
other  without  a  break. 

The  principal  portion  of  the  Criffel  mass  is  a  tonalite  rather 
than  a  true  granite,  but  in  view  of  the  fact  that  it  is  identical 
in  general  appearance  with  a  typical  grey  granite,  it  has  been 
considered  undesirable  to  change  the  name  by  which  it  has 
always  been  known.  A  special  feature  of  this  mass  is  the  extra- 
ordinary abundance  of  sphene.  It  is  rare  to  find  a  hand  speci- 
men in  which  the  characteristic  clove-brown  crystals  of  this 
mineral  may  not  be  detected  with  a  pocket  lens. 

If  we  were  to  follow  the  geographical  order  from  south  to  north 
the  Cairnsmore  of  Fleet  mass  would  next  engage  our  attention, 
but  as  the  Loch  Dee  mass  occupies  petrograpnically  an  inter- 
mediate position  it  will  be  more  convenient  to  take  it  next. 

The  dominant  rock,  as  in  the  case  of  the  CrifPel  mass,  is  a 
moderately  coarse-grained  grey  granite.  Biotite  and  horn- 
blende are  the  principal  ferro-magnesian  constituents,  and  they 
vary  in  amount  in  different  specimens.  Plagioclase,  alkali- 
felspar,  and  quartz  occur,  and  bear  the  same  structural  relations 
to  each  other  as  in  the  Criffel  mass.  Taking  the  mass  as  a 
whole,  the  ferro-magnesian  minerals  and  plag^ioclase  are  less 
abundant  than  they  are  in  the  Criffel  mass.     Nevertheless  it  is 
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possible  to  obtain  specimens  from  many  localities  which  are 
identical  with  the  rock  of  Criffel,  except  in  one  respect.  The 
sphene,  which  is  such  a  marked  feature  in  the  southern  mass,  is 
here  comraratively  rare.  Another  feature  which  tends  to  give 
the  Loch  I)ee  granite  mass  -a  more  or  less  distinctive  character  is 
the  frequent  absence  of  hornblende  over  considerable  areas.  As 
hornblende  disappears  the  rocks  become  lighter  in  colour,  and 
alkali-felspar  and  quartz  increase  relatively  to  the  plagioclase. 
Moreover,  the  alkali-felspar  passes  through  the  stage  of  moir§- 
orthoclase  to  typical  microcline.  The  dominant  rocks  of  the 
Loch  Dee  mass  may  therefore  be  classed  as  quartz- diorite  of  the 
tonalite  type,  hornblende-biotite-granites,  or  hornblende-grani- 
tites  and  biotite-granite  or  granitites.  These  different  varieties 
shade  into  each  other  by  imperceptible  gradations,  and  the  alkali- 
felspar  and  quartz  always  belong  to  the  later  phases  of  consoli- 
dation, even  when  the  former  are  develnned  as  large  pseudo- 
porphyritic  crystals,  which  is  sometimes  the  case. 

Typical  quartz-diorite  (tonalite)  occurs  at  White  Laggan 
(214,  215),  south  of  Loch  Dee,  near  the  southern  end  of  the  mass, 
and  south  of  Craiglea  Hill,  near  the  head  of  Loch  Doon,  at  the 
northern  end  of  the  mass.  Homblende-granitites,  in  which, 
however,  plagioclase  is  generally  the  dominating  felspar,  occur 
at  the  Glenhead  Lochs,  N.N.W.  of  Loch  Dee  (7033),  at  the  south- 
west end  of  Loch  Enoch  (2522),  at  Oraignaw,  2|  miles  north  of 
Loch  Dee  (7035),  at  Craigeazle  Hill,  two  miles  E.N.E.  of  Loch 
Dee  (7032),  at  the  foot  of  Polmeadow  Bum.  four  and  a  half 
miles  west  by  north  of  Carsphairn,  and  near  Portmark  on  Loch 
Doon.  Biotite-granites  or  granitites  occur  in  Glenhead  Bum, 
west  of  Loch  Dee  (722),  in  the  Kirreoch  Burn,  5^  miles  south- 
west of  Carsphairn  (690),  on  the  hill- top  N.N.W.  of  Craigrarson, 
six  miles  south-west  of  Carsphairn  (697),  at  Lochhead,  five  miles 
west  of  Carsphairn  (687),  on  the  hill  slope  west  of  Slaethomrig, 
five  miles  south-west  of  Loch  Doon  Head  (2535),  at  Loch  Cor- 
nish, 5.V  miles  west  of  Loch  Doon  Head  (714),  and  on  Craignaw, 
east  of  Loch  Neldricken  (2523). 

The  last-mentioned  rock  is  a  typical  biotite-granite,  with 
pseudo-porphyritic  crystals  of  microcline,  and  as  it  departs  widely 
from  the  tonalite-type,  which  is  so  extensively  developed  both 
in  the  Criffel  and  Loch  Dee  areas,  a  detailed  description  of  it 
may  be  given.  It  is  a  light  grey  rock  with  a  faint  tinge  of  pink. 
Biotite  is  comparatively  rare ;  quartz  is  abundant  and  shows  traces 
of  idiomorphism ;  pseudo-porphyritic  crystals  of  alkali- felspar, 
having  a  pearly  lustre  on  their  cleavage  planes  and  measuring  a 
quarter  of  an  inch  across,  are  fairly  numerous.  Under  the  micro- 
scope the  essential  constituents  are  seen  to  be  biotite,  oligoclase, 
microcline  and  quartz.  The  biotite  is  of  the  type  characteristic 
of  granitites.  The  oligoclase  shows  the  usual  tendency  to  idio- 
morphism, but  it  occasionally  contains  inclusions  of  quartz. 
The  alkali-felspar  occurs  in  large  patches  with  irregular  borders. 
It  is  a  typical  microcline  with  laminae  of  plagioclase  (oligoclase- 
albite)  and  inclusions  of  oligoclase,  quartz,  and  biotite.     Twin- 
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ning  on  the  Carlsbad  plan  is  common,  so  that  the  patches 
divide  under  crossed  nicols  into  two  halves.  The  quartz,  which 
is  very  abundant,  occurs  in  large  grains,  as  granular  ag8:regates 
and  as  rounded  blebs.  The  large  grains  occasionally  show 
traces  of  idiomorphism.  The  small  rounded  grains  are  found  as 
inclusions  bo'th  in  the  microcline  and  in  the  oligoclase. 

A  second  specimen  from  the  same  locality  (7035),  already 
referred  to  in  the  list  of  hornblende-granites,  deserves  mention 
in  this  connection,  as  it  connects  the  above  rock  with  the  more 
basic  granites  which  constitute  the  greater  portion  of  the  Loch 
Dee  mass.  This  is  a  normal  grey  granite  in  appearance,  contain- 
ing a  few  crystals  of  pseudo-porphyritic  felspar,  which,  how- 
ever, do  not  stand  out  prominently  from  the  other  portions  of 
the  rock.  TJnder  the  microscope  the  main  differences  between 
this  rock  and  the  one  just  described  are  seen  to  be  due  to  the 
greater  abundance  of  biotite  and  the  presence  of  hornblende  in 
the  former  rock.  Both  contain  microcline  under  the  same  con- 
ditions and  in  considerable  quantity.  The  normal  hornblende- 
granitites  and  tonalites  contain  only  a  very  small  proportion  of 
interstitial  alkali-felspar.  As  these  merge  into  the  biotite- 
granites  the  amount  of  alkali-felspar  and  quartz  increases,  and 
the  hornblende  disappears.  Moreover,  the  alkali-felspar,  which 
is  present  as  a  soda-orthoclase  in  the  tonalites,  is  replaced  by 
moir6-orthoclase,  and  finally  by  microcline-microperthite.  The 
evidence  furnished  by  the  Loch  Dee  mass  of  the  gradual  passage 
from  tonalite  to  granitite  with  microcline  is  of  great  importance, 
as  serving  to  connect  together  the  three  large  granitic  arects  of 
the  Gallowav  district ;  for  the  latter  rock,  which  is  rare  or  absent 
from  the  Criffel  mass  and  forms  a  subordinate  part  of  the  Loch 
Dee  mass,  is  the  dominant  type  of  the  Caimsmore  of  Fleet  mass. 
There  can  be  no  doubt  that  all  three  masses  belong  to  the  same 
petrographical  province,  and  it  is  highly  probable  that  the  dif- 
ferences observed  between  the  different  masses  are  due  to  dif- 
ferentiation in  the  subterranean  magma-basin,  and  that  the 
differences  observable  in  one  and  the  same  mass  are  in  part  at 
least  due  to  differentiation  in  situ. 

So  far  we  have  been  referring  to  the  dominant  types  of  rock 
occurring  in  the  Loch  Dee  area.  There  are,  however,  some 
subordinate  masses  of  great  interest.  In  the  description  of  the 
Criffel  mass  it  was  pointed  out  that  a  pale-coloured  augite  some- 
times occurs  as  an  accessory  constituent  in  the  homblende- 
granitite  and  quartz-diorite,  and  is  occasionally  present  in  suf- 
ficient quantitv  to  deserve  recoffnition  as  an  essential  constituent, 
thus  giving  rise  to  quartz-augite-diorites.  Examples  of  quartz- 
augite-diorite  may  be  obtained  on  the  west  slope  of  Ben  Gaim, 
five  miles  south  of  Castle  Douglas  (1220),  and  at  a  point  two- 
thirds  of  a  mile  east  by  north  of  Ben  Gaim  (6568).  In  the  last- 
mentioned  locality  it  forms  part  of  a  basic  mass  which  occurs 
at  the  contact  of  the  main  mass  with  the  Silurian  sediments. 

Similar  rocks  occur  in  the  Loch  Dee  mass,  and  also  in  the 
sAiall  mass  at  Bumhead,  which  may  be  regarded  as  subsidiary 
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to  that  of  Loch  Dee.  Here,  however,  they  are  associated  with 
a  rock  hitherto  unrecognised  in  the  Criffel  area,  for  which  the 
term  hyperite  is  proposed.  Tliis  term  was  employed  by  Tomebohm 
in  his  well-known  paper,  Ueber  die  wichtigeren  Diabas 
und  Gabbro-Gesteine  Schwedens  (Neues  Jahr,  1877,  p.  377),  for 
a  rock  of  the  gabbro  family  in  which  both  hypersthene  and  augite 
(diallage)  occur  either  with  or  without  olivine.  The  essential 
constituents  of  these  Swedish  rocks  are  plagioclase,  augite, 
hypersthene,  titaniferous  iron-ore,  and  apatite.  Quartz  and  pro- 
bably also  orthoclase  occur  as  interstitial  matter.  When  olivine 
is  present  the  rock  is  termed  olivine-hyperite.  Many  subsequent 
writers  have  ignored  the  term  hyperite  in  favour  of  norite, 
which,  however,  may  be  more  appropriately  applied  to  rocks 
devoid  of  augite  or  possessing  it  only  in  very  small  quantity. 
The  typical  Swedish  hyperites  are  evidently  more  basic  than  the 
rocks  we  are  now  concerned  with,  but  as  they  resemble  them  in 
containing  both  hypersthene  and  augite  in  nearly  equal  pro- 
portions, and  also  in  other  respects,  to  which  reference  will  be 
made  in  the  sequel,  it  seems  desirable  rather  to  extend  the  use 
of  the  old  term  than  to  invent  a  new  one. 

Hyperites  (see  Plate  XXV.,  fig.  1)  occur  in  direct  association 
with  the  Loch  Dee  mass  on  the  north  face  of  White  Laggsm  Hill 
(2521),  south  of  Ballochbeattie,  4^  miles  west  of  Loch  Doon  Head 
(709,2539,2540),  on  the  hill-face  west  of  Tunskeen,  five  miles 
south-west  of  Loch  Doon  Head  (712),  and  on  Craignasheenie 
Hill,  five  miles  west  by  south  of  Loch  Doon  Head  (2541).  They 
are  all  dark-coloui*ed  medium  to  coarse-grained  massive  rocks, 
essentially  composed  of  plagioclase,  hypersthene  (enstatite), 
augite,  and  biotite.  Quartz  and  orthoclase  occur  as  interstitial 
miatter  in  all  the  more  granitoid  members  of  the  ffroup.  Horn- 
blende and  iron-ores  are  present  as  accessories.  The  plagioclase 
has  been  definitely  determined  to  be  labradorite  in  one  case,  and 
it  is  probable  that  this  is  the  dominant  felspar;  but  as  zonal 
structure  is  not  infrequent,  it  is  evident  that  the  plagioclase  is 
not  always  uniform  in  composition.  In  many  specimens  the 
mineral  is  crowded  with  minute  opaque  inclusions,  which  give 
a  cloudy  appearance  to  the  thin  sections  when  viewed  with  low 
powers.  Idiomoi'phism  is  more  marked  than  it  is  in  typical 
rocks  of  the  gabbro  family.  The  sections  in  the  more  granitoid 
specimens  are  usually  in  the  form  of  broad  laths,  but  the 
boundaries  are  rarely  straight  lines,  and  contiguous  individuals 
interfere  with  each  other.  In  some  specimens  tnere  is  a  decided 
tendency  to  a  porphyritic  structure,  and  two  generations  of 
plagioclase  difiering  in  size  may  be  observed.  The  sections 
frequently  show  the  presence  of  twinning  on  the  Carlsbad  and 
albite  types,  but  pericline  twinning  has  not  been  observed. 

The  rhombic  pyroxene  occurs  as  grains,  as  prisms  with  more 
or  less  rounded  angles,  and,  more  rarely,  as  fairly  idiomorphic 
crystals.  Two  or  more  individuals  frequently  occur  togeuier, 
forming  a  polysynthetic  group.  The  intensity  of  the  pleocnroism 
varies  in  different  specimens.     Inclusions  of  brown  plates,  similar 
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to  those  which  occur  in  the  well-known  paulite  variety,  have 
been  observed  in  one  or  two  cases.  The  individuals  sometimes 
have  a  narrow  irregular  edging  of  green  hornblende. 

The  monoclinic  augite  occurs  as  grains,  imperfect  crystals,  and 
polysynthetic  aggregates.  It  is  nearly  colourless  in  thin  section, 
and  is  usually  tree  from  inclusions.  Sometimes,  however,  it 
contains  the  brown  plates  which  are  characteristic  of  some 
varieties  of  diallage. 

Biotite  is  a  constant  feature  of  the  hyperites,  and  is  often  as 
abundant  as  either  of  the  other  two  ferro-magnesian  constituents. 
It  occurs  in  ragged  plates,  which  are  very  strongly  pleochroic,  and 
which  usually  contain  iron-ores  and  sometimes  also  augite  and 
hypersthene  as  inclusions.  Hornblende  is  present  only  as  an 
accessory  in  the  typical  hyperite.  It  occurs  as  a  narrow  irre- 
gular fringe  in  association  with  both  the  rhombic  and  monoclinic 
pyroxenes. 

Orthoclase  may  be  clearly  recognised  in  many  of  the  sections, 
and  is  probably  present  in  all.  It  torms,  together  with  quartz, 
the  matrix,  so  to  speak,  in  which  the  other  constituents  are 
embedded,  and  therefore  occupies  the  same  position  in  the 
hyperites  as  it  does  in  the  tonalites  and  hornblende-granites. 
It  occurs  in  the  form  of  large  irregular  plates  and  as  granxdar 
aggregates.  A  special  feature  of  many  specimens  is  the  presence 
in  the  orthoclase  of  an  extraordinary  number  of  long  acicular 
prisms  of  a  perfectly  colourless  mineral,  which  appear  to  possess 
a  lower  refractive  index  than  apatite.  Quartz  may  generally  be 
recognised,  but  is  not  abundant.  It  occurs  as  grains  and  inter- 
stitial patches.  A  small  patch  of  micro-pegmatite  was  observed 
in  one  slide,  but  this  substance  is  evidently  very  rare.  The 
point  is  one  of  some  interest,  because  the  "norites"  of 
Klausen  in  the  Tyrol,  described  by  Teller  and  Von  John  (Jahrb. 
d.k.k  Qeol.  Reichsanstalt,  1882,  p.  499),  have  many  points 
in  common  with  the  rocks  under  consideration.  The  occurrence 
of  micro-pegmatite  is  a  common  feature.  In  his  descriptions  of 
the  Swedish  hyperites,  Tomebohm  refers  to  the  presence  of 
quartz  and  probably  orthoclase,  and  regards  them  as  the  latest 
products  of  consolidation.  There  can  be  no  doubt  that  both 
these  minerals  are  present  in  the  hyperites  associated  with  the 
Loch  Dee  mass,  and  that  they  occupy  in  relation  to  the  other 
constituents  the  position  assigned  to  them  by  Tornebohm.  This 
feature,  and  the  occurrence  of  the  minute  inclusions  in  the 
plagioclase,  are  subsidiary  points  which  serve  to  connect  the 
rocks  under  consideration  with  the  Swedish  hyperites. 

We  have  now  to  consider  the  connection  between  these  rocks 
and  the  more  common  quartz-diorites  (tonalites)  and  homblende- 
granitites.  Evidence  on  this  point  is  furnished  by  specimens 
nrom  White  Laggan  Hill,  one  mile  south-west  of  Loch  Dee,  and 
from  the  small  detached  mass  of  Bumhead.  In  both  localities 
we  find  biotite-hyperites  associated  with  quartz-augite-diorites, 
that  is  with  rocks  which  are  intermediate  between  the  ordinary 
quartz-diorites  and  the  hyperites.     The  presence  of  augite  as  an 
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accessory  constituent,  both  in  the  Criffel  and  Loch  Dee  massesi 
has  already  been  referred  to.  By  an  increase  in  the  amount  of 
this  augite  and  a  corresponding  diminution  in  the  quantity  of 
hornblende,  the  quartz-diorites  pass  into  quartz-augite-diorites, 
and  by  a  further  modification  of  the  same  kind,  coupled  with  the 
introduction  of  a  rhombic  pyroxene,  we  have  a  gradual  passage 
from  the  quartz-augite-diorites  into  the  biotite-hyperites.  These 
biotite-hyperites,  therefore,  represent  the  most  basic  phases  of 
the  granitic  magma  known  to  us  at  present.  If  subsequent 
research  should  bring  to  light  still  more  basic  rocks  they  will 
doubtless  be  found  to  consist  of  norites  and  gabbros. 

The  association  of  basic  rocks  containing  rhombic  and  mono- 
clinic  pyroxenes  with  quartz-augite-diorites  (augite-tonalites), 
quartz-cuorites  (tonalites),  and  biotite-granites  (granitites),  has 
been  already  noticed  in  other  areas.  Thus  Lessen*  has  desciibed 
such  an  association  in  the  Brocken  mass  in  the  Hartz.  The 
normal  biotite-granite  which  forms  the  main  mass  of  the 
Brocken  sometimes  contains  augite  as  an  accessory  constituent, 
and  these  augite-granitites  pass  over  into  augite-biotite-quartz- 
diorites,  and  even  into  acid  gabbro  (biotite-augite-gabbro).  In 
some  of  these  more  basic  phases  a  rhombic  pyroxene  occurs. 

Similar  phenomena  are  recorded  by  Teller  and  Yon  John  in 
the  paper  already  cited.  These  authors  point  out  that  the  intru- 
sive rocks  of  the  Klausen  district  do  not  readily  group  themselves 
under  a  collective  name.  They  form  rather  a  connected  series, 
having  at  the  one  end  quartz-mica-diorite,  and  at  the  other  end 
a  ^*  norite  "  containing  both  monoclinic  and  rhombic  pyroxenes. 
The  two  extremes  are  connected  together  by  augite-bearing 
quartz-diorites  and  quartz-bearing  enstatite-augite-plagioclase 
rocks  ("  quartz-norites  "). 

This  definite  association  of  similar  petrological  types  in  widely 
separated  districts,  and  in  rocks  of  diiterent  geological  age,t 
clearly  points  to  the  conclusion  that  plutonic  rocks,  like  minerals, 
are  subject  to  laws  of  paragenesis.  It  is  opposed  to  the  idea  which 
has  recently  been  resuscitated  in  France  that  the  granites  have 
largely  assimilated  the  sedimentary  rocks  into  which  they  have 
been  intruded,  but  is  in  accord  with  the  difierentiation  hypothesis. 

We  have  now  to  refer  to  some  subsidiary  rocks  which  are  more 
acid  than  the  main  mass.  They  are  light  in  colour,  compara- 
tively free  from  ferro-magnesian  constituents,  and  sometimes 
contain  muscovite.  They  occur  as  apophyses  of  the  main  mass, 
and  may  be  well  observed  on  the  southern  slopes  of  Craigrarson, 
where  the  Silurian  grits  and  greywackes  have  been  largely 
recrystallised  under  the  influence  of  the  hydro-thermal  agencies 
consequent  on  the  intrusion  of  the  granite.  A  junction  specimen 
(2533)  shows  the  contact  of  a  medium-grained  li^ht-coloured 
aplite,  containing  muscovite,  with  a  somewhat  finer-grained 
biotite-homf els.     A  few  flakes  of  biotite  occur  in  the  aplite,  but 

*  Jahrb.  d.  k.  Preuss.    Landesaostalt,  1837,  p.  xzvii. ;  1890,  p.  xzv. ;  1891,  p.  zxiz. 
t  The  Galloway  granites  are  post-Silurian  and  pre-Carboniferous  ;  the  Brocken  granito 
is  ^ost-Carbonifcrous. 
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some,  if  not  all,  of  these  appear  to  be  of  the  nature  of  inclusious, 
and  to  belong  really  to  the  metamoi'phic  rock.  The  contact  rock 
is  cojnposed  of  quarts:,  turbid  and  altered  felspar,  and  the  charac- 
teristic brown  mica,  which  forms  aggregates  between  the  lai^ger 
grains  of  quartz  and  fels})ar.  The  aplite  is  a  medium-grained 
rock  essentially  made  up  of  orthoclase,  quartz,  and  white  mica, 
with  a  certain  amount  of  oligoclase.  Small  patches  resembUng 
the  contact  rock  in  structure  and  containing  biotite  occur  in  the 
aplite.  These  patches  are  not  sharply  defined  from  the  igneous 
rock,  and  they  point  to  the  conclusion  that  to  a  small  extent  the 
igneous  magma  may  have  incorporated  and  even  assimilated 
portions  of  the  surrounding  rocks.  M.  Michel  L6vy,  in  his 
memoir  entitled  "  Contribution  k  T^tude  du  gi-anite  de  Flaman- 
ville  et  des  granites  Franpais  eii  general,"*  and  elsewhere,  had 
called  attention  to  facts  of  the  kind  here  referred  to,  and  has 
been  led  to  the  conclusion  that  they  represent  on  a  small  scale 
phenomena  which  may  take  place  on  a  large  scale  in  deeper 
zones  in  the  earth's  crust.  Without  entering  into  a  discussion 
on  this  question,  we  may  remark  that^  so  far  as  the  granites  of 
Galloway  are  concerned,  phenomena  of  this  kind  are  certainly 
local  and  unimportant. 

In  some  cases  the  more  acid  veins  pass  into  coarse-grained 
pegmatites.  A  second  specimen,  also  taken  from  the  slopes  of 
Craigrarson,  on  the  south  side  of  the  Kirreoch  Burn  (7028), 
serves  to  illustrate  this  point.  One  ])oi*tion  of  the  specimen  is  a 
medium-grained  granite  containing  verv^  little  biotite ;  the  other 

Portion  is  a  coarse-grained  pegmatitic  phase  of  the  same  magma, 
'here  is  no  sharp  line  of  demarcation  between  the  two  varieties 
of  rock.  Under  the  microscope  quaitz  and  orthoclase  are  seen  to 
be  the  two  principal  constituents,  with  oligoclase  and  biotite  as 
comparatively  unimportant  accessories.  The  orthoclase  shows 
traces  of  micro-perthitic  structure,  and  does  not  give  perfectly 
definite  extinction. 

Before  leaving  the  Loch  Dee  mass,  it  is  desirable  that  some 
reference  should  be  made  to  the  small  subsidiary  mass  of  Burn- 
head,  which  occurs  about  five  miles  S.S.W.  of  Cai'sphaii'n,  and 
about  2^  miles  east  of  the  main  mass.  It  is  more  basic  them  the 
main  mass,  and  illustrates  the  passage  of  quaHz-augite-biotite- 
(liorite  into  quartz-biotite-liyperite. 

A  specimen  from  the  north-east  margin  of  the  mass,  about  600 
yards  north-west  of  Bumhead  (0679),  is  a  dark  grey  massive 
rock  containing  a  few  felspar-phenocrysts.  Under  the  micro- 
scope the  rock  is  seen  to  be  mainly  composed  of  plagioclase, 
enstatite,  augite,  and  biotite.  There  is  also  a  small  quantity  of 
interstitial  quartz,  with  which  some  alkali-felspar  is  probably 
associated.  The  plagioclase  occurs  as  large  more  or  less  idiomor- 
phic  individuals,  and  crj'stalliue  groups,  and  also  as  small  crystals, 
giving  lath-shaped  sections.  The  enstatite  is  but  faintly  pleo- 
chroic.     It  occurs  both  as  grains  and  prisms,  but  the  latter  have 

♦  BuU.  des  Services  de  la  Carte  Geol.  de  la  France.     No.  36  1893, 
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tUeir  angles  rounded  ott'.  The  augite  is  nearly  colourless,  uon- 
pleochroic,  and  like  the  enstatite  shows  only  slight  traces  of 
idiouiorphism.  Biotite  is  present  in  the  form  of  very  ragged 
plates.  Iron-ores  and  apatite  occur  as  accessories.  When  placed 
in  a  diffusion  column  the  felspar  of  this  rock  is  seen  to  lie 
between  2*68  and  271.  A  piece  of  labradorite  floats  in  the 
middle  of  the  space  occupied  by  the  felspar.  It  agrees,  there- 
fore, approximately  with  labradorite,  but  as  the  individuals  are 
often  zoned  it  is  certainly  not  of  uniform  composition. 

It  is  especially  interesting  to  note  that  this  specimen  from 
the  margin  of  the  mass  shows  a  marked  tendency  to  a  porphyritic 
structure. 

A  specimen  from  the  centre  of  the  mass,  about  700  yards  west 
of  Burnhead  (G681),  is  a  medium-grained  grey  massive  rock. 
It  is  composed  of  enstatite,  augite,  hornblende,  plagioclase, 
alkali-felspar,  and  quartz.  The  plagioclase  does  not  belong  to 
two  fairly  well-marked  periods  of  consolidation,  as  in  the  last 
specimen,  and  the  quartz  and  alkali-felspar  are  well-developed, 
and  were  evidently  the  last  minerals  to  consolidate.  The  occur- 
rence of  CTeen  hornblende  shows  that  this  rock  is  intermediate 
between  uie  hyperites  and  the  quartz-diorites. 

Another  exposure,  from  a  point  about  1000  yards  south  of  west 
of  Burnhead  (6682),  does  not  contain  enstatite.  Hornblende  and 
biotite  are  the  most  abundant  ferro-magnesian  constituents,  but 
augite,  precisely  similar  to  that  of  the  hyperites,  occurs  fre- 
quently as  cores  in  the  hornblende.  This  rock  is  therefore  a 
quartz-augite-biotite-diorite  or  augite-tonalite.  Like  the  last,  it 
contains  interstitial  quartz  and  alkali-felspar. 

Rather  less  than  half  a  mile  south  of  the  Burnhead  mass,  a 
very  small  boss  of  granite  rock  occurs  on  Mid  Hill  (6684).  It  is 
composed  of  plagioclase,  enstatite,  biotite,  and  hornblende, 
together  with  a  small  quantity  of  interstitial  quartz  and  alkali- 
felspar,  and  is  therefore  intermediate  between  a  quartz-augite- 
biotite-diorite  and  a  quartz-biotite-hyperite. 

We  have  now  to  consider  the  third  large^  mass  of  granite  occur- 
ring in  the  district  of  Galloway.  The  contact  alteration  pro- 
duced by  this  mass  has  l)een  the  subject  of  communications  by 
Mr.  Allport  and  Dr.  Bonney*  and  by  Miss  Gardiner,t  but 
none  of  these  communicatious  gives  a  detailed  description  of  the 
granite.  Professor  Bonney,  in  describing  the  specimens  col- 
lected by  Mr.  Allport,  remarks  that  "  some  are  granophyres,  more 
or  less  porphyritic ;  others  true  granites."  One  specimen  con- 
tained wine-red  garnets.  The  term  granophyre  in  the  above 
quotation  is  evidently  not  used  in  the  sense  in  which  that  term 
is  generally  employed  in  this  country  and  in  Germany.  Miss 
Gardiner  gives  an  excellent  description  of  the  veins  of  aplite  and 

*  *'  Report  on  the  Effects  of  Contact  Metamorphism  exhibited  by  the  Silurian  Kocka 
near  New  Galloway."  By  S.  Allport  and  T.  G.  Bonne  v.  Proc.  Royal  Soc.,  London. 
Vol.  xlix.  (1889),  p.  79.       '  ^ 

t  "Contact  Alteration  near  New  Galloway.'  By  Miss  M.  I.  Gardiner.  Quart.  Jour, 
Geol.  Soc.    Vol.  xlvi.  (1890),  p.  569. 
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pegmatite  which  traverse  the  highly  altered  rocks  in  tbs  Ticinity 
of  Knocknairling  Hill,  but  she  does  not  describe  the  main  mass 
of  the  granite  itself.  The  only  description,  based  on  microscopic 
examination,  which  has  hitherto  been  given,  occurs  in  the  Expla- 
nation of  Sheet  5.*  The  two  specimens  there  referred  to  come 
from  the  south-east  comer  of  the  mass.  The  one  from  the  rail- 
way cutting  near  the  viaduct  over  the  Little  Water  of  Fleet 
(1221)  is  a  moderately  coarse-grained  grey  granite  composed  of 
biotite,  muscovite,  one  or  two  grains  of  hornblende,  oligoclase, 
microcline,  and  quartz,  together  with  apatite,  zircon,  and  iron- 
ores  as  accessories.  The  oligoclase  is  white  in  this  specimen, 
and  the  microcline  pink,  so  that  the  two  felspars  are  easily  dis- 
tinguishable ;  but  this  is  evidently  only  a  local  peculiarity,  for 
another  specimen  from  the  same  locality  (7024)  does  not  show 
it.  The  other  specimen  from  Sheet  5  was  taken  from  Laug- 
henghie  Hill,  about  six  miles  north  of  Gatehouse  of  Fleet.  It  is 
a  moderately  coarse-grained  biotite-granite,  also  containing 
interstitial  microcline.  Except  that  original  muscovite  is 
absent  there  is  the  closest  possible  resemblance  in  structure  and 
composition  between  the  rocks  from  these  two  localities.  It  was 
pointed  out  in  the  memoir  already  referred  to  that  the  specimens 
from  that  portion  of  the  Cairnsmore  of  Fleet  mass,  which  occurs 
within  Sheet  5,  were  more  acid  than  those  from  the  main  mass  of 
Criffel.  More  extensive  observations  prove  that  the  Cairnsmore 
of  Fleet  mass  as  a  whole  is  more  acid  than  either  of  the  two 
other  masses.  Specimens  from  Bennan  Hill  (7025),  on  the  west 
side  of  Loch  Ken,  anl  also  from  the  wood  near  Lochside  (7030), 
on  the  west  side  of  Loch  Ken,  from  Knocknairling  Hill  (7027), 
near  New  Galloway,  from  a  point  south  of  Craigdews  (7029), 
about  five  miles  south  by  east  of  Loch  Dee,  and  from  Clattering- 
shaws  (7031),  six  miles  west  of  New  Galloway,  all  bear  a  very 
close  resemblance  to  the  two  rocks  above  referred  to.  They  are 
medium  or  coarse-grained  light  grey  granites,  which  occasionally 
show  a  gneissose  structure.  A  slight  tendency  to  a  porphyritic 
or  rather  pseudo-porphyritic  structure  may  sometimes  be  noticed. 
The  felspars  which  give  rise  to  this  porphyritic  aspect  do  not,  as 
ia  typical  porphyritic  rocks,  belong  to  the  earlier  phases  of  con- 
solidation. Their  cleavages  are  interrupted  by  inclusions  of 
oligoclase,  quartz,  and  biotite,  and  they  can  be  found  by  micro- 
scopic examination  to  be,  at  any- rate  in  most  cases,  microcline  or 
microcline-microperthite.  Their  cleavage  surfaces  often  show 
a  pearly  lustre.  When  the  fractured  surface  of  a  specimen  of 
the  normal  granite  from  this  mass  is  examined  with  a  lens 
quartz  may  be  readily  detected  in  great  abundance,  and  the 
grains  not  unfrequently  show  a  rude  tendency  to  idiomorphism 
at  the  expense  of  the  felspar.  The  rocks  are  in  most  cases 
massive,  but  occasionally,  as  at  Clatteringshaw^  Bridge,  a  dis- 
tinctive foliation  may  be  observed. 

The  principal  constituents  of  this  granite  mass  are  oligoclase, 

*  Momoirs  of  the  Geological  Survey  of  Scotland.    1S96. 
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biotite,  alkali-felspar,  and  quartz.  Muscovite  is  occasionally 
present,  and  the  rock  then  becomes  a  typical  muscovite-biotite- 
granite.  Hornblende  has  been  observed  only  in  one  or  two 
cases.  Bocks  of  the  tonalite  type,  which  are  so  common  both  in 
the  Criffel  and  Loch  Dee  masses,  have  not  been  observed  in  the 
Caimsmore  of  Fleet  mass.  Apatite,  zircon,  iron-ores, '  and  in 
one  case  (7030)  monazite,  occur  as  accessories. 

The  mutual  relations  of  the  principal  constituents  are  essen- 
tially the  same  as  in  the  other  granite  masses.  Oligoclase  and 
biotite  belong  to  the  earlier,  quartz  and  alkali-felspar  to  the 
later  phases  of  consolidation.  There  is,  however,  a  marked  dif- 
ference in  the  relative  proportions  of  the  different  constituents. 
The  average  proportion  of  the  quartz  and  alkali-felspar  to  the 
oligoclase  and  biotite  is  much  greater  in  this  mass  than  in  thB 
other  two  masses,  although  portions  of  the  Loch  Dee  mass  are 
practically  identical  with  the  dominant  rock  from*  the  mass  now 
under  consideration.  *" 

As  regards  the  individual  constituents,  the  oligoclase  and 
biotite  do  not  call  for  special  description.  The  latter  mineral  is 
occasionally  replaced  by  chlorite  and  epidote,  and  the  former  is 
often  rendered  turbid  by  the  development  of  small  scales  of  a 
micaceous  mineral.  In  those  rocks  which  contain  original  mus- 
covite  this  mineral  is  developed  either  in  independent  plates  or 
is  found  associated  with  the  biotite.  The  alkaU-f elspar  is  either 
moir6-orthocIase  or  microcline,  generally  the  latter.  It  is 
abundant,  and  often  occurs  in  large  more  or  less  irregular 
individuals,  which  are  sometimes  twinned  on  the  Carlsbad 
plan.  The  fact  that  these  large  individuals  give  a  kind  of 
porphyritic  aspect  to  the  rock  as  a  whole  has  already  been 
referred  to.  They  contain  biotite,  oligoclase,  and  sometimes 
quartz  as  inclusions.  Quartz  is  abundant.  It  occurs  as  irregular 
grains,  often  of  considerable  size,  and  two  or  more  grains  usually 
occur  in  juxtaposition.  In  describing  the  homblende-granitites 
and  tonalites  reference  has  been  made  to  the  fact  that  the  quartz 
of  these  rocks  often  possesses  an  ophitic  character;  portions 
wedged  in  between  the  other  constituents  frequently  give  uniform 
extinction  in  the  same  way  as  the  augite  of  ophitic  dolerites.  In 
the  rocks  now  under  consideration  this  feature  is  not  noticeable, 
although  the  quartz  is  certainly  on  the  whole  of  later  date  than 
the  oligoclase  and  biotite.  In  the  gneissose  varieties  of  rock  the 
polysynthetic  character  of  the  quartz  is  more  marked  than  in  the 
massive  varieties,  and  the  individuals  composing  the  aggregates 
are  often  elongated  in  the  direction  of  the  foliation,  as  ii  the 
interstitial  movement  which  accompanied  the  development  of 
the  parallel  structure  had  affected  the  quartz  more  than  any  of 
the  other  constituents.  The  junctions  of  contiguous  individuals 
in  these  polysynthetic  aggregates  are  very  irregular,  and  of  the 
kind  for  which  Professor  Blake  has  proposed  the  term  "  sutural," 
because  they  are  somewhat  similar  to  tne  sutures  of  the  skull. 

In  the  Annual  Eeport  of  the  work  of  the  Survey  for  1895,  a 
preliminary  account  of  the  older  Caimshee  granite  of  Deeside 
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has  been  published,  and  special  attention  has  been  called  to  the 
alkali-felspar,  as  it  is  developed  in  that  rock.  Almost  all  that 
has  been  there  said  will  apply  equally  to  the  alkali-felspar  of 
the  Caimsmore  of  Fleet  mass.  In  both  rocks  we  find  the  same 
relation  between  moir6-orthoclase  and  microcline,  the  same  ten- 
dency to  pseudo-porphyritic  structure,  and  the  same  relation  to 
the  other  constituents. 

The  accessory  minerals,  apatite,  zircon,  and  iron-ores,  do  not 
call  for  special  description,  but  the  monazite  deserves  more  than 
a  passing  notice.  Unfortunately  only  one  crystal  has  been  ob- 
served in  the  thin  section.  It  occurs  in  a  specimen  collected 
near  Lochside,  on  the  west  side  of  Loch  Ken  (7030).  It  is 
honey-yellow  in  colour,  and  shows  faint  pleochroism,  together 
with  very  high  refraction  and  double- refraction.  Traces  of 
crystalline  faces  may  be  seen,  but  they  cannot  be  identified.  The 
crystal  measui'fes  only  one  mm.  across.  That  it  is  monazite  is 
proved  not  only  by  the  characteffe  above  referred  to,  but  also  by 
the  presence  of  the  more  important  of  the  two  didymium  absorp- 
tion bands  in  the  spectrum  of  the  light  which  has  passed  through 
the  crystal.  The  rocks  from  the  main  mass  exhibit  only  slight 
variations  in  composition.  They  are  all  true  granites,  with  a 
considerable  amount  of  quartz  and  microcline.  Most  of  them 
are  biotite- granites  or  ^anitites,  but  true  muscovite-biotite- 
granites  also  occur.  This  latter  point  is  interesting,  because,  as 
a  rule,  the  biotite-granites  and  granites  with  two  micas  do  not 
occur  together  as  parts  of  the  same  mass. 

The  most  mai*ked  deviations  irom  the  dominant  type  are  to 
be  found  in  the  contact  zone.  These  have  been  described  by 
Miss  Gardiner  as  aplite  veins  in  the  paper  already  cited.  She 
says,  "  The  rock  is  usually  very  coai'se,  but  here  and  there  be- 
comes fine-grained.  It  consists  of  felspar  (often  in  large  masses), 
quartz,  and  a  considerable  quantity  of  white  mica.  Tourmaline 
and  granet  are  accessory  minerals.  **  The  felspar  is  mostly 
microcline.  In  some  veins  it  fomis  a  micro- pegmatite  with 
quartz,  in  others  it  forms  the  bulk  of  the  rock.  In  one  vein,  to 
the  west  of  the  granite,  there  are  masses  of  it  two  or  three  feet 
across,  with  continuous  cleavage  planes  some  inchcvs  long.  The 
felspar  often  includes  garnets.  Tne  quartz  is  traversed  by  many 
lines  of  small  inclusions.  That  associated  with  the  large  felspar 
masses  just  mentioned  can  be  seen  with  a  hand  lens  to  consist 
of  small,  flattened,  hexagonal  prisms,  with  pyramids  at  one 
end  built  up  in  parallel  zones.  The  white  mica  is  often  in 
hexagonal  plates,  as  much  as  half  an  inch  in  diameter.  Along 
the  edge  of  one  of  the  veins  on  Knocknairling  Hill  there  are 
triangular  flakes  arranged  in  a  plumose  manner.  The  mica 
feathers  point  inwards  from  the  edge  of  the  dyke,  and  are  three 
to  four  inches  long. 

'iThe  small  garnets  are  sometimes  of  a  brownish  red,  as  in 
the  altered  grits,  and  sometimes  of  a  bright  wine-red  colour. 
Large  yellow  garnets  occur  occasionally. 
*''  Tourmaline  occurs  in  the  Knocknairling  Hill  vein  in  patches 
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curiously  intergrown  with  quartz,  so  as  to  form  what  looks  like 
a  graphic  granite,  with  the  little  hooked  letters  in  dark  tourma- 
line instead  of  quartz.  The  tourmaline  needles  are  parallel  with 
each  other  instead  of  radiating  as  in  luxullianite.  Some  of  it  is 
an  indigo,  and  some  a  bottle-glass  brownish-green  colour.  These 
tourmaline-quartz  patches  have  an  area  of  one  or  two  square 
inches.  Groups  of  tourmaline  sections  extinguish  together,  but 
the  quartz  grains  have  their  axes  at  all  angles. 

"  The  fine-grained  variety  of  aplite  has  a  sparkling  saccharoidal 
look,  and  the  little  pink  garnets  show  conspicuously  on  the  white 
surface  of  a  freshly  broken  specimen.  It  consists  of  about  equal 
quantities  of  felspar  and  quartz  in  grains.  There  is  a  good  deal 
of  white  mica;  garnets  are  common,  and  small  needles  of  tour- 
maline occur  occasionally.  In  some  places  coarser  veins  shade 
off  in  parts  into  this  fine-grained  material,  and  in  others  it 
occurs  in  veins  by  itself." 

These  veins  of  aplite  and  pegmatite  occur  in  a  zone  of  intense 
metamorphism.  They  are  essentially  composed  of  that  portion 
of  the  granite  magma  which  consolidated  last  in  the  main  body 
of  the  rock.  Mr.  Barrow  has  called  attention  to  the  tendency  of 
the  mother  liquor  of  granitic  magmas  in  the  Central  Highlands 
to  penetrate  the  surrounding  rocks,  and  to  form  pegmatite  veins 
which  often  contain  white  mica.  Similar  phenomena  may  be 
seen  in  Cornwall,  as,  for  example,  at  Trewavas  Head,  where  there 
is  the  same  association  of  fine-grained  aplite  and  coarse-grained 
pegmatite  with  tourmaline  as  at  Knocknairling  Hill.  The 
phenomena  in  question  occur  on  a  much  smaller  scale  in  the 
Gralloway  district  than  they  do  either  in  Cornwall  or  in  the 
Southern  Highlands.  They  are  specially  developed  on  a  large 
scale  in  association  with  muscovite-biotite-granites,  and,  as  we 
have  already  noticed,  these  rocks  are  rare  in  the  Cairnsmore  of 
Fleet  mass. 

We  may  now  summarise  the  principal  results  obtained  from  this 
petrographical  study  of  the  Galloway  granites.  The  Criffel 
mass,  taken  as  a  whole,  appears  to  be  the  most  basic.  Plagio- 
clase  felspar  predominates,  and  a  large  portion  of  the  mass  is  a 
tonalite  rather  than  a  true  granite.  Dark  basic  inclusions  of  a 
dioritic  rock  are  common,  and  acid  veins  essentially  composed  of 
quartz  and  orthoclase  also  occur.  Clove-brown  crystals  of  sphene 
are  scattered  through  the  mass,  and  it  is  rare  to  find  a  hand 
specimen  in  which  one  or  more  crystals  of  this  mineral  may  not 
be  detected  with  a  lens.  Hornblende,  biotite,  and  oligoclase  are 
the  dominant  minerals,  and  belong  to  the  earlier  phases  of  con- 
solidation. Quartz  and  orthoclase  play  the  r61e  of  ground  mass. 
Augite  is  present  as  cores  in  the  hornblende,  thus  giving  rise 
to  augite-granitites  and  quartz-augite-biotite-diorites. 

The  Loch  Dee  mass  presents  in  many  respects  a  close  resem- 
blance to  the  Criffel  mass,  and  large  portions  of  it  are  composed 
of  hornblende-granitite  and  granitite.  Augite  is  occasionally 
found,  and  by  its  local  increase,  coupled  with  a  corresponding 
diminution   in   the   amount  of  hornblende,   the    augite-granites 
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pass  into  quartz-augite-biotite-diorites.  By  a  further  modifica- 
tion in  the  same  direction,  along  with  the  coming  in  of  enstatite 
and  a  decrease  in  the  quartz  and  felspar,  the  quartz-augite- 
biotite-diorites  merge  into  quartz-biotite-hyperites.  Certain  other 
portions  of  the  same  mass  illustrate  a  change  in  the  opposite 
direction.  The  ferro-magnesian  constituents  and  oligoclase 
decrease  in  amount,  and  the  quartz  and  alkali-felspar  increase. 
Moreover,  the  alkali-felspar  mav  be  developed  as  microcline,  and 
may  take  on  the  form  of  pseudo-porphyritic  crystals  with  inclu- 
sions of  biotite,  quartz,  and  oligoclase.  Rocks  of  this  latter  type 
have  not  been  observed  in  the  CrifiFel  mass,  though  it  is  perhaps 
scarcely  safe  to  assert  that  they  do  not  occur.  The  most  acid 
rocks  of  the  Loch  Dee  mass  occur  as  apophyses  of  aplite  and 
pesfmatite  in  the  contact  zone.  The  mass  of  Bumhead,  which  is 
subsidiary  to  that  of  Loch  Dee,  is  more  basic  than  the  main 
mass,  and  consists  of  quartz-biotite-hyperite  and  quartz-augite- 
biotite-diorite. 

Biotite-granite  or  granitite  with  microcline,  which  is  locally 
developed  in  the  Loch  Dee  mass,  forms  the  dominant  rock  of  the 
third  or  Caimsmore  of  Fleet  mass.  Hornblende,  which  is  oft«n 
present  in  the  Loch  Dee  mass,  and  extremely  common  in  the 
Criflfel  mass,  is  only  locally  present  in  the  Caimsmore  of  Fleet 
mass,  and  may,  in  all  the  specimens  examined,  be  regarded  as 
an  unimportant  and  accessory  constituent.  A  point  of  preat 
interest  in  connection  with  this  mass  is  the  evidence  it  affords  of 
the  relation  between  granites  with  one  mica  only  and  those  with 
two  micas.  The  biotite-granites  with  microcline  are  here 
definitely  associated  with  typical  hnuscovite-biotite  granites. 
Beyond  the  presence  of  muscovite  there  is  no  difference  either  in 
structure  or  composition  betwen  the  two  types  of  rock.  Veins  of 
aplite  and  pegmatite  occur  as  apophvses,  and  contain  muscovite, 
tourmaline,  and  garnet.  The  white-mica-bearing  pegmatites 
are  especially  characteristic  of  a  zone  of  intense  metamorphism 
in  the  surrounding  rocks. 

It  appears,  therefore,  from  the  preceding  account  that  the  three 
great  masses,  which  must  all  be  approximately  of  the  same  geo- 
logical age,  present  certain  points  both  of  resemblance  and  dif- 
ference. The  CrifPel  mass  appears  to  be  the  most  basic,  and  the 
Cairnsmore  of  Fleet  mass  the  most  acid,  whilst  the  Loch  Dee 
mass  occupies  an  intermediate  position.  This  remark,  however, 
can  only  be  regarded  as  true  in  a  broad  and  general  sense  when 
reference  is  made  to  the  average  composition  of  each  of  the  three 
masses.  In  each  we  find  rocks  which  are  more  basic  and  more 
acid  than  the  general  average.  It  is  probable  that  the  aplite 
veins  of  the  CrifiEel  mass  do  not  differ  markedly  in  composition 
from  the  corresponding  rocks  of  the  Cairnsmore  of  Fleet  mass. 
They  should,  indeed,  be  substantially  identical  if  in  each  case 
they  represent  the  mother  liquor  of  the  granite  magma,  for  this 
is  proved  by  microscopic  examination  to  have  yielded  quartz 
and  alkali-felspar  in  all  the  rocks. 

The  different  varieties  of  rock  occurring  in  each  mass,  and  in 
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the  three  masses  regarded  as  a  whole,  are  closely  bound  together 
by  transitional  forms.  If  we  leave  out  of  account  the  veins  of 
aplite  and  pegmatite,  then  the  most  basic  rocks  are  represented 
by  the  diorites  of  the  Criffel  mass  and  the  hyperites  of  the  Loch 
Dee  mass.  The  most  acid  rocks  are  represented  by  the  musco- 
vite-biotite-granites  of  the  Cairnsmore  of  Fleet  mass.  Between 
these  extreme  types  we  have  a  continuous  series  of  intermediate 

varieties. 

In  concluding  this  account  of  the  Galloway  granites  it  seems 
justifiable  to  offer  some  remarks  on  the  bearing  of  the  facts  on  the 
more  or  less  rival  theories  of  assimilation  and  differentiation. 
If  one  or  other  of  these  theories  must  be.  accepted  to  account  for 
the  facts  above  described,  the  preference  must  -andoubtedly  be 
given  to  the  latter.  Neither  the  local  differences  observed  in 
one  and  the  same  mass,  nor  the  general  differences  which  be- 
come noticeable  when  the  three  masses  are  compared  with  each 
other,  can  be  correlated  with  the  nature  of  the  rocks  into  which 
the  granite  has  been  injected.  Moreover,  the  junctions  of  the 
granite  with  the  surrounding  rocks  are  in  general  perfectly  sharp, 
and  furnish  no  support  to  the  view  that  the  granite  either  repre- 
sents the  sediment  crystallised  in  place  or  has  even  had  its 
composition  appreciably  modified  by  the  assimilation  of  portions 
of  the  surrounding  rock.  On  the  other  hand,  the  aplite  veins, 
corresponding  as  they  do  in  composition  with  those  portions  of 
the  granite  magma  which  consolidated  last,  seem  to  furnish 
direct  evidence  that  some  at  least  of  the  differences  which  we 
observe  are  to  be  accounted  for  by  the  differentiation  hypothesis. 
In  the  absence,  however,  of  any  well-established  physical  laws 
which  will  satisfactorily  account  for  the  differentiation,  the 
hypothesis  cannot  be  said  to  rest  on  an  assured  basis.  There 
can,  however,  be  no  doubt  that  even  in  its  present  unsatisfactory 
state  it  has  an  enormous  advantage  over  its  rival,  so  far  as  the 
phenomena  of  the  Galloway  granites  are  concerned.  On  this 
hypothesis  the  differences  in  the  average  composition  of  the 
three  great  masses  would  be  explained  by  differentiation  in  a 
deep-seated  reservoir  or  magma  basin;  whereas  the  differences 
observed  in  one  and  the  same  mass  might  be  explained  partly  by 
the  intrusion  of  a  heterogeneous  magma  and  partly  by  differen- 
tiation after  the  magma  had  reached  its  present  position.  In 
addition  to  the  three  large  masses  of  plutonic  rocks  above  referred 
to  there  are  several  smaller  masses,  which  will  now  be  briefly 
described. 

In  the  extreme  west  a  small  granite  mass  occurs  a  few 
miles  north-west  of  the  Mull  of  Galloway  (Sheet  1).  This  is 
represented  in  the  Survey  Collection  by  four  specimens.  One 
from  Crummag  Head  is  a  grey  homblende-e^ranitite  with 
sphene ;  another  form  Portencorkne  Bay  is  a  pinkish  rock  con- 
taining the  same  minerals,  but  having  a  larger  amount  of  alkali- 
felspar,  which  is  sometimes  developed  as  micro-perthite ;  a  third 
from  Lagantalluch  Head  is  an  augite-biotite-diorite  containing 
a  small  quantity  of  enstatite,  and  therefore  having  affinities  with 


624  The  Silurmn  Bocks  of  Scotland. 

the  hyperites ;  the  fourth  from  a  point  300  yards  north  of  Porten- 
corkrie  is  similar  to  the  last  in  composition,  but  contains  a  larger 
amount  of  biotite,  which  is  conspicuous  in  the  hand  specimen, 
and  gives  the  rock  the  appearance  of  a  kersantite. 

Several  small  granitic  masses  occur  in  Sheet  4.  That  south  of 
Glenluce,  coloured  on  the  map  as  diorit«,  contains  quartz-diorite 
(tonalite),  augite-diorite  with  micro-poikilitic  brown  horn- 
blende, and  an  augite-diorite  with  enstatite,  and  is  therefore 
allied  to  the  hyperites. 

The  mass  about  three  miles  north  of  Kirkcowan,  also  coloured 
diorite,  is  composed  of  similar  rocks.  On  the  east  side  of  the 
estuary  of  the  Cree,  south  of  Creetown,  is  an  important  granite 
quarry.  The  principal  rock  in  this  quarry  is  a  moderately 
coarse-grained  grey  granitite,  the  felspars  of  which  contain  a 
considerable  amount  of  secondary  white  mica.*  On  the  south  side 
of  the  quarry  there  is  also  a  fine-grained  grey  rock  of  somewhat 
earlier  date  than  the  normal  granite.  It  is  composed  of  small 
phenocrysts  of  zonal  plagioclase  and  aggregates  of  biotite  and 
epidote  in  a  micro-crystalline  ground  mass,  also  containing  small 
patches  of  biotite  and  grains  of  epidote. 

Some  interesting  gneissose  rocks,  formed  by  injection  and 
superposition,  occur  at  the  south  junction  in  this  quarry.  The 
pure  sediment  is  represented  by  a  brown  biotite-hornfels,  tra- 
versed by  narrow  green  bands  and  lenticles  composed  of  horn- 
blende, epidote,  grossularia,  vsphene,  quartz,  calcite,  and  perhaps 
malacolite.  The  garnet,  which  gives  a  brown  colour  to  the 
bands,  and  is  normally  present  only  in  the  central  portions,  is 
of  the  type  common  in  altered  limestones,  and  often  shows  double 
refraction.  The  original  rock  was  probably  a  sandy  shale  con- 
taining impure  calcareous  layers. 

The  mixed  rock  (248)  is  composed  of  broad  bands  of  biotite- 
hornfels  containing  prisms  of  green  hornblende  and  thin  folia 
of  a  syenitic  rock  formed  of  green  hornblende  similar  to  that 
occurring  as  pseudo-porphyritic  crystals  in  the  biotite-hornfels, 
alkali-felspars,  quartz,  and  sphene.  The  specimen  on  which 
this  description  is  based  resembles  a  gneiss  in  appearance,  and 
is  bounded  on  one  surface  bv  a  band  of  calc-silicate  homfels 
containing  brown  garnet. 

The  small  mass  of  the  Caimsmore  of  Carsphaim  which  occurs 
on  the  north-east  comer  of  Sheet  8,  and  enters  also  into  the 
adjacent  Sheets,  has  yielded  specimens  of  granitite,  homblende- 
granitite  with  sphene,  quartz-augite-biotite-diorite,  and  quartz- 
biotite-hyperite. 

Some  altered  rocks  from  this  mass  contains  pyrrhotite.  In 
view  of  the  fact  that  the  pyrrhotite  associated  with  norites  and 
hyperites  often  contains  from  three  to  five  per  cent,  of  nickel,  a 
small  quantity  of  this  mineral  was  isolated  from  one  of  the  rocks 
and  tested  for  that  metal.     Onlv  somewhat  doubtful  traces  were 

*  Since  this  was  written,  Mr.  J.  S.  Flett  has  described  (Geol.  Mag.,  1S98,  p.  388)  orthite 
from  this  rock  which  he  regards  as  a  true  granite  with  muscovite  and  epidote  ai  original 
constituents 
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found.  Although  the  amount  of  pyrrhotite  employed  was  small, 
it  was  quite  sufficient  to  prove  that  nickel  is  not  present  in  any- 
thing like  the  same  quantity  as  it  is  in  the  mineral  which  is  used 
as  an  ore  in  Sweden  and  in  the  Sudbury  district  of  Canada. 

All  the  localities  above  referred  to  lie  within  the  ancient 
district  of  Oalloway.  There  are,  however,  one  or  two  small 
granitic  masses  situated  outside  this  district  in  Sheeir  15,  near 
New  Cumnock.  The  Polshill  mass  is  formed  of  homblende- 
granitite  or  tonalite,  with  a  margin,  at  any  rate  at  one  point, 
where  the  Polshill  Bum  crosses  the  junction,  of  quartz-biotite- 
hyperite.  The  granite  of  Spango  Water  is  represented  by  one 
specimen  (6543),  which  is  a  granitite  of  the  true  Galloway  type. 

It  thus  appears  that  the  plutonic  rocks  which  lie  between 
Spango  Water  and  the  Mull  of  Galloway,  and  between  Loch 
Doon  and  the  Solway  Firth,  are  all  intimately  related.  The 
same  types  reappear  in  widely  separated  localities,  and  there  can 
be  no  doubt  that  they  all  oelong  to  the  same  petrographical 
province. 

The  Survey  collection  contains  several  specimens  from  the 
small  mass  of  granite  at  Priestlaw  on  the  Southern  slopes  of 
the  Lammermuir  Hills,  of  which,  three  have  been  sliced.  The 
first  (No.  7808)  from  the  Faseny  Water,  Priestlaw,  is  a  hom- 
blende-biotite-granite ;  the  second  (No.  7809)  from  the  same 
stream,  near  the  edge  of  the  mass,  is  a  more  basic  rock  than  the 
preceding  one,  with  porphyritic,  zoned  plagioclase  in  a  micro- 
granitic  aggregate  of  biotite,  hornblende,  felspar  and  quartz.  It 
might  almost  be  termed  a  homblende-biotite-porphyrite,  but  the 
ground-mass  is  somewhat  coarser  in  grain — ^more  granitic — than 
in  the  typical  porphyrites.  The  specimen  is  interesting  as  show- 
ing that  the  physical  conditions,  under  which  the  marginal 
portions  of  the  Priestlaw  mass  consolidated,  approximated  to 
those  under  which  the  porphyrite  dykes  were  formed.  The 
third  specimen  (No.  7810)  also  from  the  edge  of  the  mass  in  the 
Faseny  Water  is  a  quartz-augite-biotite-diorite.  This  rock 
differs  from  the  quartz-biotite-hyperites,  only  in  not  containing 
hypersthene.  The  pale-green  augite  (malacolite),  which  occurs 
to  the  almost  entire  exclusion  of  hornblende,  and  the  general 
structure  of  the  rock,  are  precisely  similar  to  the  corresponding 
features  in  the  hyperites. 

DYKES. 

Dykes  are  extremely  abundant  in  the  Galloway  district,  and 
especially  so  in  the  neighbourhood  of  the  Criffel  and  Loch  Dee 
masses.  Those  which  occur  in  Sheet  5  have  already  been 
described  in  the  Memoir  on  that  sheet,  and  the  main  facts  are 
here  reproduced. 

1.  Porphyrites. 

The  dykes  occur  not  only  in  the  sedimentary  rocks  but  also  in 
the  granitic  masses,  and  the  same  petrological  types  are  found  in 

2q 
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both  areas.  The  vast  majority  is  formed  of  rocks  to  which  the 
term  porphyrite  has  been  applied.  This  term  has  hitherto  been 
employed  in  a  dijSerent  sense  in  the  publications  of  the 
Geological  Survey,  and  a  word  or  two  of  explanation  is  therefore 
necessary.  Recent  research  has  establishea  the  fact  that  the  so- 
called  porphyrites  which  occur  as  lavas  in  association  with 
Palffiozoic  sediments  are  merely  altered  andesites.  The  con- 
tinued use  of  the  term  in  its  old  sense  is  therefore  undesirable, 
and  will  accordingly  be  dropped.  The  word  may,  however,  be 
conveniently  employed  in  accordance  with  the  usage  adopted  by 
American  petrographers  (Prof.  J.  P.  Iddin^,  "The  Eruptive 
Rocks  of  Electric  Peak  and  Sepulchre  Mountain,"  Twelfth 
Annual  Report  of  the  U,S,  Geological  Survey,  1890-1891)  for 
rocks  of  the  type  now  under  consideration,  Such  rocks  occur 
for  the  most  part  as  dykes,  sills,  and  laccolites.  They  bear  the 
same  relation  to  the  andesites  that  the  porphyries  do  to  the 
liparites. 

These  rocks  are,  as  a  rule,  markedly  porphvritic  in  structure. 
Plagioclase,  hornblende,  and  biotite  commonly  occur  as  pheno- 
crysts;  quartz  is  occasionally  found;  orthoclase  is  very  rare. 
The  ground-mass  is  usually  compact.  The  rocks  vary  in 
colour  from  grey  to  red ;  the  latter  tint  being  characteristic  of 
the  most  highly  altered  varieties.  The  proportion  of  phenocrysts 
to  ground-mass  is  liable  to  considerable  variation,  some  rocks 
containing  so  little  ground- mass  as  to  resemble  granites ;  others 
containing  so  few  phenocrysts  as  to  have  the  character  of  felsites. 
These  extreme  types  are,  however,  comparatively  rare. 

In  the  typical  rocks  of  the  group,  plagioclase  is  always  the 
most  conspicuous  phenocryst,  both  on  account  of  its  abundance 
and  of  the  size  of  the  individuals.  It  occurs  in  sinjjle  crystals,  in 
crystalline  groups,  and  as  crystal  fragments.  Twinning  on  the 
Carlsbad-,  pericline-  and  all3ite-plan  may  often  be  observed. 
The  individuals  are  often  beautifully  zoned,  and  by  employing 
the  Becke-efPect  it  can  frequentiy  be  demonstrated  that  narrow 
zones  of  a  highly  refractive  and  therefore  basic  felspar,  are 
repeated  several  times  in  a  single  individual.  The  plagioclase 
is  liable  to  the  micaceous  type  of  decomposition,  and  many  rocks 
are  so  highly  altered  that  the  optical  characters  of  the  mineral 
can  no  longer  be  observed. 

Orthoclase  phenocrysts  have  not  been  identified  with  certainty 
in  any  of  the  microscopic  sections,  but  one  or  two  large,  irregular 
grains,  measuring  half-an-inch  or  more  across,  were  observed 
in  a  dyke  from  the  south-east  spur  of  CrifFel. 

The  phenocrysts  of  hornblende  and  biotite  are  not  so  large  as 
those  of  plagioclase.  The  hornblende  is  usually  of  the  green 
type  common  in  the  granites  and  quartz-diorites,  but  a  brown 
variety  has  been  observed  in  one  or  two  instances.  As  compared 
with  tie  hornblende  of  the  granite,  it  is  remarkable  for  the  per- 
fection of  its  crystalline  form.  The  faces  of  the  prism  and  of  the 
two  vertical  pinacoids  are  often  present.  Twinning  of  the  com- 
mon type  may  frequently  be  observed.     The  biotite   is   also 
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remarkable  for  the  perfection  of  its  crystalline  form.  It  occurs 
in  hexagonal  tablets,  but  in  other  respects  resembles  the  biotite 
of  the  granites  and  quartz-diorites. 

Quartz,  when  present  as  a  phenocryst,  possesses  the  same 
characters  as  the  quartz  of  the  porphyries.  It  occasionally  shows 
an  approach  to  the  dihexahediul  form,  but  as  a  rule  occurs  only 
as  corroded  grains.     It  contains  inclusions  with  bubbles. 

The  ground-mass  varies  in  different  rocks.  In  some  cases  the 
minerals  which  occur  as  phenocrysts — ^plagioclase,  hornblende, 
and  biotite — ^may  all  be  recognised  together  with  quartz  and 
alkali-felspar;  in  others  the  constituents  of  the  ground-mass 
cannot  be  definitely  determined,  on  account  of  the  small  size  of 
the  individuals  and  the  confused  nature  of  the  crystallisation. 
Micro-poikilitic,  micro-pegmatitic,  and  in  one  case,  spherulitic 
structures   have    been    observed.      It    is    highly    probable    that 

auartz  and  alkali-felspar  enter  largely  into  the  composition  of 
iis  part  of  the  rock. 

It  follows,  from  the  above  description,  that  there  is  very  little 
difference  in  composition  between  the  dykes  of  this  Woe  and  the 
granitic  rocks  of  the  Criffel  and  Dalbeattie  mass.  This  is  con- 
firmed by  the  following  table  of  specific  gravities :  — 

One  mile  N.N.E.  of  Red  Bank  Farm  (6684),  dyke  in  granite,  2*65 

Three-quarters  of  a  mile  E.S.E.  of  the  top  of  Screel,      -        -  2*657 

One  mile  north  of  Dalbeattie  (1262), 2*67 

Near  the  summit  of  Ben  Gaim  (6578), 2  67 

North  of  Croft-Head  ;  six  miles  north  of  Dalbeattie  (1233)    -  2*65 

It  is  probable,  therefore,  that  the  structural  difierences 
between  the  porphyrites  and  the  hornblende-granites  or  quartz- 
diorites  are  due  to  differences  in  the  conditions  under  which  the 
magmas  consolidated.  If  we  suppose  that  an  intrusion  of  the 
granitic  magma  took  place  in  dyke  form  after  the  greater  part 
of  the  hornblende,  biotite,  and  plagioclase  had  separated  out, 
we  shall  have  a  satisfactory  explanation  of  the  difierence  in 
structure  between  the  porpnyrites  and  the  granitic  rock.  In 
applying  this  theory,  however,  it  must  be  remembered  that  dykes 
of  the  type  now  under  consideration  occur  not  only  in  the  sedi- 
mentary rocks  but  also  in  the  granitic  masses.  Moreover,  dykes 
are  found  in  the  foliated  area  unaffected  by  the  foliation.  Such 
dykes  cannot  be  regarded  as  in  any  way  representing  apophyses 
of  the  granite.  They  belong  to  a  later  phase  of  igneous  activity. 
The  source  of  supply  was  probably  the  same  as  that  from  which 
the  main  igneous  mass  was  derived ;  but  if  so,  it  must  have  been 
tapped  at  a  time  when  crystal  building  had  proceeded  to  a  con- 
siderable extent. 

One  fact  tells  somewhat  against  the  view  suggested  above,  and 
that  is  the  not  infrequent  occurrence  of  quartz  and  the  occasional 
presence  of  orthoclase  amongst  the  phrenocrysts  of  the  porphy- 
rites. In  the  granitic  masses  these  minerals  invariably  belong 
to  the  final  stage  of  consolidation.  The  difficulty,  however,  may 
not  be  serious,  for  the  quartz  is  almost  always  intensely  corroded, 
and  both  minerals  have  rather  the  aspect  oi  foreign  constituents. 
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2.  Diorites, 

The  typical  representatives  of  this  group  are  medium  or  fine- 
erained  dark-coloured  crystalline  rocks  essentially  composed  of 
hornblende  and  a  plagioclase  felspar.  In  some  specimens  the 
hornblende  may  be  clearly  recognised  with  a  lens  in  the  form  of 
long  slender  prisms.  These  rocks  are  denser  than  the  porphy- 
rites,  the  specific  gravity  ranging  from  2*68  to  2*81.  The  horn- 
blende is  often  seen  to  be  of  a  deep  brown  colour  under  the 
microscope.  It  may  be  either  idiomorphic  or  ophitic  with 
respect  to  lath-shaped  plagioclase.  The  idiomorphic  hornblende 
is  occasionally  zoned  (1269).  Oreen  hornblende  is  also  present, 
and  this  may  arise  from  the  alteration  of  the  brown  variety,  or, 
as  seems  probable  in  some  cases,  from  the  alteration  of  an 
original  pyroxene.     Twinning  is  not  infrequent. 

The  felspar,  which  is  generally  turbid,  may  occur  in  forms 
giving  lath-shaped  sections  or  as  irregular  grains  which  fit 
together  so  as  to  form  the  matrix  in  which  the  hornblende  i» 
embedded.  Sometimes  there  is  a  little  interstitial  quartz,  but 
this  mineral  never  forms  any  large  portion  of  the  rock.  Biotite 
is  sometimes  present.  Apaute  is  often  abundant  in  the  form  of 
slender  prisms;  iron  ores  are  scarce  or  altogether  absent. 
Chlorite,  epidote,  and  sometimes  carbonates,  occur  as  alteration 
products. 

Those  rocks  in  which  the  hornblende  is  present  in  the  form  of 
slender  prisms,  belong  to  the  camptonite  division  of  the 
lamprophyres  (see  Plate  XXV.,  Fig.  2). 

3.  Mica-Traps. 

The  specimen  from  Greenhill,  east  of  Meiklewood,  is  a  dark- 
colouredf  rock,  composed  of  numerous  tablets  of  brown  mica, 
embedded  in  a  compact  matrix.  Under  the  microscope  the  mica 
is  seen  to  possess  the  usual  characteristics  of  that  mineral  as  it 
occurs  in  mica-traps.  The  tablets  are  thin  in  proportion  to  their 
breadth :  their  margins  are  often  more  deeply  coloured  than  the 
central  parts;  and  the  absorption  for  rays  vibrating  at  right 
angles  to  the  vertical  axis  is  far  less  marked  than  it  is  in  the 
biotite  which  occurs  in  the  granites.  The  mineral  is  biaxial, 
with  a  very  small  optic  axial  angle.  Biotite  is  the  only  pheno- 
cryst  which  has  preserved  its  original  characters,  but  there  are 
pseudomorphs  in  quartz  or  quartz  and  carbonates  after  some 
other  mineral — ^possibly  augite.  The  groundmass  of  the  rock 
is  composed  of  small  scales  of  biotite,  felspar,  carbonates,  mag- 
netite, and  apatite.  The  felspar  forms  the  matrix  in  which  the 
other  constituents  are  embedded.  It  does  not  show  multiple 
twinning,  and,  as  the  refractive  index  is  lower  than  that  of  the 
balsam  in  which  the  section  is  mounted,  it  is  probably  orthoclase. 
Magnetite  occurs  in  small  crystals  and  grains  which  are 
imiformly  scattered  through  the  section.  The  carbonates,  as  is 
so  frequently  the  case  in  comparatively  unaltered  rocks  of  thia 
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typ^  cannot  be  attributed  to  the  decomposition  of  any  one 
mineral. 

The  specimen  from  Nun  Mill  is  purplish  in  colour,  and  much 
more  altered  than  the  one  above  described.  It  is  composed  of 
biotite,  pseudomorphs  in  carbonate  after  phenocrysts  of  augite  (?), 
magnetite,  and  felspar.  The  felspar  is  altered  and  stained  with 
ferric  oxide,  so  that  its  precise  character  cannot  be  determined. 

Both  rocks  are  probably  minettes. 

The  dykes  from  other  portions  of  the  Galloway  district  agree 
in  general  characters  with  those  from  Sheet  5.  They  comprise 
porphyrites,  diorites  of  the  camptonite  type,  mica-traps,  and 
hyperites.  By  far  the  most  abundant  rock  is  a  porphyrite. 
The  rocks  belonging  to  this  type  vary  in  colour,  texture,  and 
composition,  but  the  distinctive  characters,  which  are  the  pre- 
sence of  porphyritic  crystals  of  plagioclase,  and  one  or  both  of  the 
ferro-magnesian  constituents,  biotite,  and  hornblende,  in  a 
compact  matrix,  may  generally  be  recognised.  In  colour  the 
rocks  vary  from  pale  grey  to  almost  black;  pink  varieties  also 
occur.  Tne  felspars  are  as  a  rule  not  conspicuous,  one-eighth  of 
an  inch  bein^  a  common  size.  The  rocks  are  not  unfrequently 
much  altered,  and  the  ferro-magnesian  constituents  are  often 
entirely  replaced  by  chlorite,  epidote,  and  carbonates.  The 
principal  differences  in  composition  depend  on  the  presence  or 
absence  of  quartz  or  hornblende.  Thus  arise  varieties  to  which 
such  terms  as  quartz-hornblende-biotite-porphyrite,  quartz- 
biotite-porphyrite,  homblende-biotite-porphyrite,  and  biotite- 
porphyrite  may  be  applied.  But  these  differences  are  not 
strongly  marked.     Quartz-porphyrites  are  comparatively  rare. 

All  the  specimens  available  have  been  carefully  examined 
with  a  view  to  determine  whether  true  quartz-porphyries  occur. 
In  describing  the  dykes  from  Sheet  5,  attention  has  been  called 
to  the  occurrence  in  one  or  two  of  a  few  large  crystals  of  ortho- 
cletse.  These  are,  however,  so  rare  and  exceptional  that  it  is 
doubtful  whether  they  should  be  separated  from  the  porphyrites, 
especially  as  plagioclase,  even  in  these  rocks,  is  the  dominant 
porphyritic  felspar.  In  some  other  cases  the  felspars  are  so 
much  altered  as  to  be  indeterminable,  but  there  is  no  reason  to 
regard  these  rocks  as  other  than  altered  forms  of  porphyrite. 
We  may  say  that  ti'ue  quartz-porphyries  have  not  been  recog- 
nised. If  they  do  occur  they  will  probably  be  found  in  asso- 
ciation with  the  Gairnsmore  of  Fleet  mass. 

A  glance  at  the  map  (Sheet  8)  shows  that  a  vast  number  of 
porphyrite  dykes  occur  in  the  immediate  neighbourhood  of  the 
Loch  Dee  mass.  These  appear  to  be  on  the  whole  somewhat 
more  acid  than  the  corresponding  rocks  associated  with  the 
Criffel  mass.  The  phenocrysts,  and  especially  those  of  biotite 
and  hornblende,  are  not  so  conspicuous.  A  very  common  type  is 
a  pale  grey  porphyrite,  in  whicn  the  porphyritic  structure  is  not 
very  marked  in  the  hand  specimen,  although  it  is  at  once  evi- 
dent under  the  microscope.  As  a  rule,  the  felspar  is  turbid,  and 
the  ferro-magnesian  minerals,  which  are  by  no  means  abundant, 
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have  been  largely  replaced  by  chlorite  and  carbonates.  Examples 
of  this  type  occur  on  the  top  of  Craigrine  Hill  (2531),  five  nules 
S.S.W.  of  Carsphaim ;  on  the  top  of  Meikle^  Craigrarson, 
6^  miles  south-west  of  Carsphaim ;  at  CuUendoch,  5  miles 
N.W.  of  Cairsphaim;  at  Garryhom  Gairy,  three  miles  west 
of  Carsphaim ;  on  the  top  of  Gairy  Craig,  1^  miles  south  of  Cars- 
phaim (707) ;  east  of  Meadowhead,  4J  miles  N.N.W.  of  Cars- 
phaim; south  and  west  of  Meaul  Hill,  4^  miles  south-west  of 
Carsphaim ;  and  on  the  Coran  of  Fortmark,  four  miles  west  of 
Carsphaim. 

Intimately  connected  with  the  above  are  some  dark-coloured 
biotite-porphyrites  containing  glassy  plagioclase.  Examples  of 
these  occur  on  the  top  of  Meikle  Craigrarson  (2557),  and  near 
the  head  of  Downies  Burn,  five  miles  north  by  east  of  Loch  Dee 
(2555).  A  specimen  from  the  west  side  of  Meaul  Hill  (7022), 
which  is  somewhat  intermediate  between  the  two  types,  so  far 
as  general  appearance  is  concerned,  may  be  described  in  detail. 
The  rock  is  dark  grey  or  bluish  grey  in  colour.  Phenocrysts  of 
felspar,  and  of  a  dark  ferro-magnesian  mineral,  may  easily  be 
recognised  with  a  lens  when  the  surface  is  wet.  The  ground- 
mass  is  compact.  Under  the  microscope  the  phenocrysts  of 
plagioclase  are  seen  to  occur  in  crystals,  crystalline  groups,  and 
as  cryst€d  fragments.  They  are  often  beautifully  zoned,  but  in 
all  cases  examined  they  possessed  a  higher  refractive  index  than 
balsam,  and  possibly  range  in  composition  from  labradorite  to 
andesine  or  basic  oligoclase.  Twinning  is  present,  but  is  not 
a  conspicuous  feature.  The  ferro-magnesian  minerals  are  repre- 
sentea  by  biotite  and  by  pseudomomhs  in  carbonate  after  horn- 
blende. The  ground  mass  is  a  ooniusedly  crystalline  aggregate 
of  quartz  and  felspars,  with  which  small  scales  of  biotite  are 
associated.  Much  of  the  felspar  of  the  groim.d  mass  is  doubtless 
orihoclase. 

Pink  porphyrites  occur  in  the  Water  of  Deugh,  two  miles 
north  of  Carsphaim,  south,  of  Thomy  Hill,  3f  miles  south  of  Cars- 
phaim Gairy,  south-west  of  Craigrine  mil  (707),  five  miles 
S.S.W.  of  Carsphaim,  in  the  Lorg  Bum  (head  of  Ken),  in  Pol- 
vaddoch  Bum  (head  of  Ken  Water),  and  at  the  head  of  Barend 
Burn,  south-east  of  Balmaclellan. 

Dykes  other  than  porphyrites  are  rare.  They  are  represented 
in  tne  collection  by  a  few  specimens.  A  diorite  of  the  camp- 
tonite  type  occurs  at  Lorg  Hill,  Cordorkan  Bum,  four  miles 
south-west  of  Loch  Dee  (724  and  2538).  In  the  hand  specimen 
it  appears  as  a  dark  grey,  medium-mdned  rock,  composed  of 
idiomorphic  hornblende  in.  a  white  Mspathic  matrix.  Under 
the  microscope  the  hornblende  is  seen  to  be  of  a  deep  brown 
colour.  The  dominant  felspar  is  more  or  less  idiomorpnic,  and 
there  is  some  orthoclase  $sid  quartz.  A  little  augite  was  pro- 
bably present  in  the  original  rock,  but  if  so  it  has  been  replaced 
by  pale  neenish  chloritic  decomposition  products. 

A  rock  in  some  respects  intermediate  between  a  homblende- 
porphyrite  and  camptonite  occurs  on  Black  Gairy  BUll,  five  miles 
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south-west  of  Loch  Dee.  It  consists  of  phenocrysts  of  brown 
hornblende  in  a  fine-grained  ground  mass  similar  to  that  of 
many  porphyrites.  This  rock  differs  from  the  ordinary  por- 
phyrites  in  the  absence  of  porphyritic  felspars.  A  micartrap 
occurs  in  Kirreoch  Burn  (1612).  It  consists  of  ragged  plates  of 
biotite  and  pseudomorphs  in  carbonate  after  augite  (P).  The 
matrix  is  felspathic,  and  the  felspars  show  a  tendency  to  a 
feathery  mode  of  aggregation.  The  rock  is  too  much  altered  for 
precise  determination,  but  it  was  probably  a  minette.  There 
are  also  other  dykes  which  are  intermediate  between  typical 
biotite-porphyrites  and  kersantites.  A  dyke  of  hyperite  occurs 
at  Braidenoch,  two  miles  south  of  Carsphaim  (698).  It  is  a 
quartz-biotite-hjrperite,  precisely  similar  to  the  rocks  associated 
with  the  Loch  Dee  mass,  and  is  of  special  interest  as  proving 
that  the  hyperite-magma  was  not  only  formed  in  connection  with 
the  main  granitic  masses,  but  was  also  intruded  in  the  form  of 
dykes. 

In  many  re^ons  where  dykes  occur  in  association  with 
plutonic  rocks  tney  belong  to  two  fairly  well  marked  groups,  the 
one  group  being  more  acid,  and  the  other  more  basic  than  the 
plutonic  mass.  Professor  Brogger  has  proposed  that  the  two 
groups  taken  together  should  be  referred  to  as  complementary 
dykes.  The  facts  described  above  prove  that  in  the  GallowOT 
district  the  dykes  are  not  sharply  divisible  into  two  groups.  It 
is  probable  that  if  we  had  a  sufficient  number  of  analyses  of  the 
granites  and  diorites  which  make  up  the  masses  of  Loch  Dee 
and  Criffel,  and  also  of  the  dykes  which  occur  in  association  with 
these  masses,  that  the  two  sets  of  analyses  would  closely  corres- 
pond. Both  sets  would  show  variations,  but  these  variations 
would  be  similar,  and  the  relative  proportions  of  the  difierent 
types  would  be  similar.  The  main  difference  between  the  dykes 
and  the  granite  masses  is  a  structural  one,  depending  on  the  fact 
that  in  the  dykes  two  periods  of  consolidation  are  sharply 
defined,  whereas  in  the  granitic  mass  they  merge  gradually  into 
each  other. 

It  is  somewhat  remarkable  that  true  quartz-porphyries  have 
not  been  detected  in  the  Galloway  district.  This  is  doubtless 
due  to  the  fact  that  the  dominant  type  of  rock  in  the  Loch  Dee 
and  GriSel  masses  is  a  basic  granite  or  tonalite.  Flwioclase  is 
as  a  rule  the  dominant  felspar.  The  Caimsmore  of  Fleet  mass 
is  more  acid,  but  the  dykes  in  its  neighbourhood  do  not  appear 
to  be  so  numerous  as  they  are  in  the  vicinity  of  the  other  masses. 
It  is  probable  that  if  the  more  acid  portion  of  the  magma  which 
consolidated  as  the  Caimsmore  of  Fleet  mass  had  been  intruded 
in  the  form  of  dykes,  it  would  have,  given  rise  to  quartz-por- 
phyries similar  to  those  which  occur  so  abundantly  in  the  West 
of  England  in  association  with  the  muscovite-biotite-granites  of 
Devon  and  Cornwall. 
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CHAPTER  XXVn. 

CONTACT-METAMORPHISM  AROUND  THE  GALLOWAY 

GRANITES. 

The  granites  of  the  Galloway  district  have  produced  important 
alterations  in  the  sediments  into  which  they  have  been  intruded. 
In  his  remarkable  paper  on  "  The  Convolutions  of  Strata  and 
their  Meeting  with  Granite,"  Sir  James  Hall*  calls  attention  to 
these  alterations.  In  speaking  of  the  exposures  on  the  west 
side  of  Loch  Ken,  where  he  traced  the  granite  veins  to  their 
junction  with  the  main  mass,  he  savs:  ''In  the  immediate 
neighbourhood  of  the  granite,  to  the  distance  of  a  foot  or  two, 
and  not  more,  the  stratified  matter  has  in  many  instances 
assumed  a  highly  micaceous  character  so  as  to  deserve  the  name 
of  mica-slate,  and  perhaps  gneiss."  And  again :  "  The  quality  of 
this  stratified  mass  [the  Silurian  formations  of  the  Southern 
Uplands  of  Scotland]  from  one  side  of  the  island  to  the  other 
seems  to  be  uniform  throughout,  except  in  the  immediate  neigh- 
bourhood or  contact  of  the  granite,  where  it  assumes  a  micaceous 
character,  approaching  to  Sie  character  of  gneiss  or  mica-slate. 
This  furnishes  a  most  notable  indication  of  the  action  of  heat, 
since  the  granite,  by  its  local  intensity,  has  performed  the  very 
effect  which  Dr.  Hutton  ascribes  to  the  general  heat  below,  as 
acting  upon  the  lower  beds,  and  converting  them  into  gneiss." 

These  two  quotations  prove  that  Sir  James  Hall  not  only 
recognised  the  metamorphic  effect  of  the  granite  upon  the  adja- 
cent sediments,  but  that  he  realised  the  importance  of  the  facts 
in  relation  to  the  origin  of  extensive  areas  of  gneiss  and  schist. 
The  concluding  sentence  of  the  second  quotation  contains  the 
germ  of  the  theory,  recently  advocated  by  M.  Michel  L6vy  in 
France,  that  the  extent  of  the  contact  zone  is  dependent  on  the 
depth  at  which  the  intrusion  took  place.  The  exposures  of 
granite  are  regarded  in  many  cases  as  the  apices  of  pyramids, 
which  expand  downwards,  and  regions  of  gneiss  and  schist  are 
supposed  to  represent  areas  where  denudation  has  been  carried 
on  to  such  an  extent  as  to  expose  ''the  lower  portions  of  the 
''  appareils  granitiques."  It  will  be  shown  in  the  sequel  that 
the  metamorphism  of  the  sediments  extends  to  much  greater 
distance  than  was  recognised  by  Sir  James  Hall. 

A  long  time  elapsed  after  the  memorable  observations  by  Sir 
James  Hall  before  the  phenomena  of  contact-metamorphism  in 
the  Galloway  district  again  attracted  the  attention  of  geologists. 

*  Trans.  Roy.  Soc.  Edin.     Vol.  vii.,  p.  79. 
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During  the  progress  of  the  Geological  Survey  they  were  found 
to  occur  on  a  large  scale  round  each  of  the  three  important 
masses,  and  an  extensive  series  of  specimens  was  collected.  A 
general  account  of  the  metamorphism  was  given  in  the  Memoirs 
explanatory  of  Sheets  9  (1877)  and  4  (1878),  and  special  atten- 
tion was  called  to  the  crystallisation  of  the  sediments  and  to  the 
development  of  mica  in  the  neighbourhood  of  the  granites. 

In  recent  years  the  two  important  communications  already 
cited,  have  been  published,  containing  descriptions  of  the  micro- 
scopic characters  of  the  metamorphic  rocks,  the  one  by  Messrs. 
AUport  and  Bonney,*  and  the  other  by  Miss  Gardiner.t  Both 
papers  relate  to  the  alteration  surrounding  the  Caimsmore  of 
Fleet  mass. 

Messrs.  Allport  and  Bonney  especially  describe  the  change 
which  has  been  elEected  in  sediments,  varyingfrom  "  silky  clays 
to  greywackes,"  along  the  west  side  of  Loch  Ken.  They  record 
the  presence  of  quartz,  brown  mica,  white  mica,  hornblende, 
augite,  garnet  (rare),  epidote  (not  common),  tourmaline  (rare), 
and  black  opaque  materials.  They  conclude  that  the  biotite 
which  is  so  extensively  developed  in  argillaceous  sediments  must 
be  an  iron-mica,  containing  only  a  small  percentage  of  magnesia. 

In  describing  the  alteration  of  the  greywackes,  they  call  atten- 
tion to  the  partial  destruction  of  the  tjrpical  clastic  structures. 
Only  the  ghost  of  such  structures  remains  in  the  altered  rocks. 
The  original  quartz  grains  are  represented  in  the  altered  rocks 
by  subangular  individuals,  which  are  larger  than  the  constituents 
of  the  quartz-mica  aggregates,  and  the  original  felspars  have 
been  replaced  by  chalcedonic  or  micro-crystalline  quartz  contain- 
ing minute  flakelets  of  white  mica. 

Miss  Gardiner's  paper  deals  especially  with  the  altered  rocks 
occurring  in  Knocknairling  Bum  and  in  the  neighbourhood  of 
Enocknairling  Hill,  to  the  west  of  the  town  of  New  Galloway. 
The  progressive  changes  seen  in  beds  of  grit  and  shale  as  they 
are  traced  along  the  strike  towards  the  granite  are  describea. 
The  grit  is  shown  to  pass  into  a  coarsely  crystalline  gneissose 
rock,  composed  of  quartz,  two  micas,  garnet,  and  sillimanite,  and 
to  contain  in  the  immediate  neighbourhood  of  the  granite 
lenticles  of  quartz  and  garnet.  The  garnet-sillimanite-mica- 
quartz  rocks  described  and  figured  by  Miss  Gardiner  must  cer- 
tainly be  regarded  as  some  of  the  most  remarkable  products 
of  contact-metamorphism  hitherto  described.  In  the  same 
paper  it  is  proved  that  the  shales  are  converted  into  schistose 
aggregates  of  quartz  and  two  micas,  with  which  opaque  dusty 
matter  and  occasionally  large  crystals  of  chiastolite  are  asso- 
ciated. 

We  now  proceed  to  give  a  general  account  of  the  metamor- 
phism of  the  Galloway  district,  based  on  specimens  in  the  Survey 

*  "Report  on  the  Effecta  of  Contact-Metamorphism  exhibited  by  the  Silurian  Boclu 
near  the  Town  of  New  Galloway."    Proc.  Roy.  Soc.  London.    Vol.  xlix.  (1889),  p.  79. 

t" Contact  Alteration  near  New  Galloway."  Quart.  Jour.  Geol,  Soc.  Vol.  xlvi. 
(1890),  p.  569. 
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Collection.  Most  of  these  specimens  have  been  collected  from 
the  contact  zone  surrounding  the  Loch  Dee  mass,  but  the  speci- 
mens from  other  areas  are  sufficient  to  show  that  the  difEerent 
masses  do  not  present  any  marked  differences  as  regards  the 
nature  of  the  products  formed.  Where  similar  rocks  nave  been 
acted  upon  to  the  same  extent  the  resulting  products  are  the 
same. 

The  rocks  which  have  been  metamorphosed  comprise  grits, 
greywackes,  ordinary  shales  and  slates,  black  shales  highly 
charged  with  carbonaceous  matter  and  pyrite,  radiolarian  chert, 
impure  calcareous  rocks,  and  the  igneous  rocks  underlying  the 
raaiolarian  cherts.  A  special  feature  of  the  Silurian  rocKs  of 
the  Southern  Uplands  is  the  great  development  of  both  coarse 
and  fine-grained  grits  and  greywackes  of  complex  composition. 
Normal  argillaceous  sediments  make  up  only  a  small  portion  of 
the  area.  It  follows,  as  a  necessary  consequence  of  this  fact, 
that  the  contact  phenomena  surrounding  the  Galloway  granites 
must  differ  in  a  marked  manner  from  those  observed  in  the 
Skiddaw  district,  and  in  that  portion  of  the  Vosges  which  has 
been  rendered  classic  by  the  remarkable  memoir  by  Professor 
Rosenbusch.* 

When  a  gittnite  mass  is  intruded  into  sediments  of  uniform 
composition,  as  in  the  case  described  by  Professor  Rosenbusch, 
the  metamorphic  zone  may  be  separated  into  subordinate  zones 
characterised  by  special  minerals  or  by  special  structures.  The 
successive  zones  represent  different  grades  of  metamorphism  in 
one  and  the  same  type  of  rock,  and  they  are  concentric  with 
reference  to  the  granitic  mass.  When,  however,  as  in  the  case 
of  the  Galloway  granites,  the  intrusion  has  taken  place  in  a  set 
of  complex  sediments  of  variable  character,  the  separation  of  the 
metamorphic  aureole  into  subordinate  zones,  continuous  round 
the  central  mass,  becomes  impossible.  Each  member  of  the 
complex  group  possesses  its  own  special  type  of  metamorphism, 
and  a  sub-division  of  the  metamorphic  area  into  zones  based  on 
one  type  of  rock  is  not  applicable  to  the  area  as  a  whole. 

Another  point  in  which  the  metamorphism  of  the  Galloway 
district  differs  from  that  of  Skiddaw  and  Barr-Andlau  is  the 
comparative  rarity  of  the  aluminous  orthosilicates.  Andalusite 
and  sillimanite  occur,  but  never  in  such  abundance  as  to  form  a 
striking  feature  of  the  metamorphic  aureoles.  This  is  doubtless 
due  to  the  fact  that  pure  argillaceous  sediments  are  compara- 
tively rare.  The  composition  of  the  rocks  in  most  cases  admitted 
of  tne  development  of  complex  silicates,  such  as  garnets  and 
micas. 

Before  proceeding  to  give  an  account  of  the  altered  rocks,  it 
will  be  desirable  to  offer  some  remarks  on  the  minerals  of  which 
they  are  composed. 

Biotite  is  unquestionably  the  most  chai*acteristic  mineral.  Its 
presence  is  one  of  the  earliest  indications  of  an  approach  to  the 

*  Die  Steiffer  Schiefer  und  ihro  Contactzone  an  don  Granititen  von  Barr-Andlau  und 
Hohwald.    Strasbomgh,  1877. 
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granite,  and  it  gives  rise  to  the  purplish  brown  tint  which 
previous  observers  have  referred  to  as  especially  characteristic 
of  many  of  the  altered  rocks.  In  the  earlier  stages  of  alteration 
it  occurs  in  irregular  scales,  and,  as  the  metamorphism  advances, 
the  individuals  increase  in  size.  The  usual  colour  is  reddish 
brown,  and  the  pleochroism  is  intense.  The  mrueral  is  found  in 
almost  all  the  altered  rocks,  whatever  their  original  character 
may  have  been.  Thus  it  occurs  in  the  grits,  greywackes,  slates, 
shales,  igneous  rocks,  and  even  in  the  radiolarian  cherts.  The 
individuals  are  usually  irregular  in  outline,  and  several  often 
occur  together.  Sometimes  the  rocks  have  a  spotted  appearance, 
due  to  local  aggregations  of  biotite. 

M.  Michel  L6vy  has  especially  directed  attention  to  the  con- 
trast in  the  mode  of  occurrence  of  the  biotite  in  igneous  rocks 
and  altered  sediments.  In  the  former  it  belongs,  as  a  rule,  to 
the  earlier  stages  of  consolidation,  and  consequently  exhibits  a 
considerable  amount  of  idiomorphism ;  in  the  latter  it  is  inter- 
fered with  by  quartz,  and  often  acts  as  a  kind  of  paste  in  which 
the  other  constituents  are  embedded.  This  feature  is  illustrated 
by  the  biotite  of  the  rocks  now  under  consideration,  especially  in 
tnose  which  do  not  exhibit  the  highest  grades  of  metamorphism. 
The  biotite  of  the  contact  rocks,  like  that  of  the  igneous  rocks, 
often  shows  pleochroic  halos  round  minute  inclusions. 

White  mica,  though  not  so  abundant  as  biotite,  is  frequently 
present.  It  is  usually  similar  in  form  and  size  to  the  biotite. 
In  some  of  the  highly  metamorphic  rocks  it  occurs  in  large 
patches,  showing  micro- poikilitic  structure  in  consequence  of 
the  presence  of  rounded  inclusions  of  quartz  (2203),  graphitic 
matter  (6602),  and  other  substances. 

Quartz. — ^In  the  grits,  greywackes,  and  shales,  silica  is  present 
either  as  grains  or  granular  aggregates  of  quartz.  In  the  cherts 
it  occurs  in  the  crypto-crystallme  or  chalcedonic  condition.  As 
the  coarser  forms  of  sediment  are  traced  into  the  metamorphic 
zone  the  original  outlines  of  the  clastic  grains  become  more  or 
less  obliterated.  Even  in  highly  altered  rooks  containing  much 
biotite,  indications  of  the  original  clastic  structure  may  often  be 
seen,  owing  to  the  presence  of  individual  grains  or  aggregates 
of  quartz,  which  are  much  larger  than  the  constituents  of  the 
matrix.  In  all  such  cases  there  is,  however,  a  want  of  definite- 
ness  about  the  boundaries.  The  peripheral  portions  of  the  quartz 
grains  have  been  affected  by  the  agencies  which  have  recrystal- 
lised  the  matrix. 

The  change  in  the  chalcedonic  silica  of  the  cherts  is  of  special 
interest.  The  crypto-crystalline  condition  passes  gradually  into 
the  micro-crystalline  condition,  and  this  again  into  a  coarsely 
crystalline  condition  in  which  the  individual  grains  measure  one 
or  two  mm.  in  diameter.  The  large  individuals  in  the  coarse- 
grained quartz  rocks,  which  represent  the  extreme  phase  of  the 
alteration  of  the  cherts,  are  very  irregular  in  outline.  The  junc- 
tions of  the  contiguous  grains  are  of  the  kind  for  which  Professor 
Blake  has  proposed  the  term  *^  sutural,''  because  they  remind  one 
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of  the  sutures  wliich  separate  the  different  bones  of  the  sknlL 
It  appears,  therefore,  that  in  highly  siliceous  rocks,  such  as  the 
cherts,  adjacent  individuals  coalesce  to  form  larger  individuals 
under  the  influence  of  contact  metamorphism. 

Another  mode  of  occurrence  of  quartz  is  seen  in  those  rocks 
which  contain  minerals  having  a  pronounced  micro-poikilitic 
structure.  In  these  cases  the  quartz  forms  minute  isolated  inclu- 
sions with  rounded  outlines  in  the  containing  mineral. 

The  main  facts  with  regard  to  the  mode  of  occurrence  of  quartz 
in  the  metamorphic  rocks  may  thus  be  summarised.  In  the 
altered  grits  and  greywackes  it  occurs  as  irregular  grains  and 
granular  aggregates  of  considerable  size  in  a  matrix  largely 
composed  of  small  grains  associated  with  biotite ;  in  the  inter- 
mediate phases  of  the  alteration  of  the  cherts,  and  in  some  other 
rocks,  it  forms  a  mico-crystalline  mosaic ;  in  the  linal  stages  of 
the  alteration  of  the  cherts  it  forms  coarse-grained  aggregates 
with  sutural  junctions;  and  in  the  micro-poikilitic  minerals  it 
occurs  as  minute  rounded  grains. 

Fdspar, — In  many  cases  the  felspar,  which  is  abimdant  in  the 
grits  and  greywackes  of  the  original  rocks,  appears  to  have  been 
altered  in  the  manner  described  by  Messrs.  AUport  and  Bonney. 
The  original  grain  appears  to  have  been  replaced  by  ciypto- 
ciystalline  or  micro- crystalline  aggregates  of  a  mineral  whicn  is 
presumably  quartz  and  minute  flakelets  of  a  white  mica.  Bear- 
ing in  mind  the  tendency  which  felspars  have  to  a  micaceous 
type  of  decomposition,  it  is,  however,  possible  that  this  change 
may  not  be  due  to  the  effect  of  contact  action  upon  fresh  felspar, 
but  rather  upon  felspar  already  attacked  by  the  surface  agencies. 
At  anyrate  water-clear  felspar  certainly  occurs  in  many  of  the 
highly  altered  rocks  in  association  with  quartz  and  biotite.  A 
good  example  of  this  mode  of  occurrence  is  furnished  by  a  speci- 
men taken  from  a  point  south  of  Craiglee  Hill,  near  the  head  of 
Loch  Doon  (2549).  The  rock  is  fine-grained  and  of  a  dark 
purplish  colour.  It  is  essentially  composed  of  the  ubiquitous 
brown  mica  and  a  mosaic  of  quartz  and  felspar.  A  mineral 
somewhat  doubtfully  referred  to  andalusite,  and  a  few  grains  of 
iron-ore,  also  occur.  In  this  case,  and  in  many  others  of  a  similar 
character,  there  is  no  reason  to  regard  the  felspar  as  due  to 
impregnation  by  the  granite  magma.  There  are  often  cases, 
however,  of  a  more  doubtful  character,  and  some  in  which  an 
intimate  intermixture  of  granite  and  sedimentary  material  has 
undoubtedly  taken  place.  The  latter  occur  on  a  small  scale,  and 
only  in  the  immediate  neighbourhood  of  the  contact.  A  junc- 
tion specimen  from  the  north-west  slope  of  Meikle  Graigrarson 
(4968)  may  be  cited  as  an  illustration.  It  consists  of  a  medium- 
grained  aplite  in  contact  with  the  brown  resinous  quartz-rock 
which  represents  the  extreme  phase  of  alteration  of  radiolarian 
chert.  When  examined  with  a  hand  lens  detached  fragments 
and  isolated  grains  of  the  characteristic  quartz  of  the  chert  may 
be  seen  lying  in  the  mass  of  aplite,  and  the  material  of  the 
aplite  can  also  be  seen  insinuating  itself  between  the  quartz 
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grains  in  the  altered  chert.  Under  the  microscope  these  pheno- 
mena are  still  more  marked.  In  that  portion  of  the  slide  which 
is  mainly  composed  of  altered  chert  somewhat  cloudy  orthoclase 
occurs,  moulded  on  the  larger  quartz  grains  which  represent  the 
chert.  In  the  other  portion  of  the  slide,  which  is  mainly  f  onned 
of  aplite,  detached  grains  and  fragments  of  the  altered  cnert  may 
be  recognised.  The  quartz  of  the  altered  chert  and  that  of  the 
aplite  can  easily  be  distinguished  from  each  other  under  the 
microscope,  in  consequence  of  the  minute  inclusions  of  biotite 
which  occur  exclusively  in  the  former.  In  this  case  there  can 
be  no  doubt  that  the  felspar  of  the  altered  rock  has  been  derived 
from  the  granite  magma. 

In  the  case  above  referred  to,  the  felspar  is  orthoclase,  but  in 
a  few  abnormal  rocks  from  the  immediate  neighbourhood  ot 
granite  masses  plagioclase  has  also  been  observed.  Its  mode  ol 
occurrence  is  quite  different  from  that  of  the  orthoclase  just 
described.  Instead  of  occurring  in  interstitial  patches  it 
behaves  rather  as  a  porphyritic  constituent.  The  individuals 
are  often  zoned  and  idiomorphic,  and  closely  resemble  the 
plagioclase  of  the  granite  rocks. 

M.  Michel  Levy  has  called  special  attention  to  the  "  felspathi- 
sation  "  of  the  rocks  into  which  granite  has  been  intruded,  and 
he  appears  to  regard  the  felspar  in  all  cases  as  foreign  to  the 
rock  into  which  the  intrusion  has  taken  place.  The  contact 
zones  surrounding  the  Galloway  granites  certainly  do  not 
furnish  illustrations  of  such  felspathisation  on  any  large  scale 
In  many  cases  the  felspar  has  doubtless  been  fonned  out  of  the 
constituents  of  the  original  rock,  and  in  the  few  in  which  it 
has  been  introduced  the  action  has  occurred  only  in  the  imme- 
diate neighbourhood  of  the  granite. 

Andalusite, — ^This  mineral,  including  its  variety  chiastolite, 
is  by  no  means  characteristic  of  the  contact  zones.  It  has  been 
observed  only  in  a  few  localities.  The  fact  is  undoubtedly  to  be 
accounted  for  by  the  comparative  rarity  of  the  purer  forms  of 
argillaceous  sediment.  Miss  Gardiner  has  recorded  the  occur- 
rence of  typical  chiastolite  in  the  altered  shales  of  Knocknairling 
Hill.  Here  it  sometimes  forms  a  conspicuous  feature  on  the 
weathered  surfaces  of  the  rocks  and  crystals  measuring  an  inch 
or  more  in  length  may  be  obtained.  The  mineral  also  occurs  in 
the  altered  black  shales  near  the  granite  contact  on  Meikle 
Craigrarson.  Here  it  forms  long  slender  prisms,  which  are 
idiomorphic  in  the  prismatic  zone.  Under  the  microscope  they 
are  seen  to  be  often  more  or  less  replaced  by  aggregates  of  a 
white  mica,  and  to  contain  inclusions  of  graphite.  These  inclu- 
sions are  not  abundant,  and  they  are  not  aggregated  in  the 
central  portions  of  the  crystals,  as  is  so  commonly  the  case  with 
the  black  inclusions  in  cliiastolite.  TjT>ical  chiastolite  occurs  in 
black  shales  containing  graptolites,  near  Black  Gairy,  Buchan 
Hill,  Glen  o'  Trool,  on  the  west  side  of  the  Loch  Dee  mass. 

SUlimanite, — This  mineral  has  been  recorded  by  Miss  Gar- 
diner in   the   highly   altered   rocks  of  Knocknairling   Hill.      It 
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occurs  in  long  slender  needles,  wluch  are  sometimes  aggregated 
in  clots.  As  a  rule  the  needles  occur  as  inclusions  in  the 
mica  and  quartz.  The  rocks  of  Knocknairling  Hill  show  a 
higher  grade  of  metamorphism  than  that  observed  in  any  other 
district,  and  up  to  the  present  this  is  the  only  locality  in 
which  sillimanite  has  been  recorded. 

Oamet, — Red  garnets,  which  are,  however,  almost  colourless 
in  thin  sections,  are  extremelv  common  both  in  the  altered  shales 
and  grits.  In  fact,  next  to  biotite,  garnet  is  the  most  charac- 
teristic contact  mineral  in  the  rocks  surrounding  the  Loch  Dee 
and  Caimamore  of  Fleet  masses.  It  occurs  in  grains  and  idio- 
morphic  crystals  of  the  usual  form.  The  individuals  increase  in 
size  as  the  junction  is  approached.  The  largest  are  to  be  found 
in  the  highly  altered  grits  of  Knocknairling  Hill,  in  which  sil- 
limanite occurs.  The  central  portions  are  usually  crowded  with 
inclusions  of  a  colourless  substance,  possibly  quartz,  of  irregular 
form,  but  usually  with  more  or  less  rounded  contours.  Occa- 
sionally mica  flakes  and  needles  of  sillimanite  also  occur  as 
inclusions  in  the  garnet. 

Garnet  is  by  no  means  limited  to  the  immediate  neighbourhood 
of  the  granite.  It  is  one  of  the  first  minerals  to  form.  In  trac- 
ing the  chert-shale  series  from  the  unmetamorphosed  area 
towards  the  granite  the  shaly  streaks  and  partings  are  seen  to 
become  crowaed  with  small  garnets  before  any  notable  change 
has  taken  place  in  the  chert.  Garnets  may  be  seen  in  the 
altered  shale  and  radiolaria  in  the  chert  of  the  same  slide.  A 
good  example  of  this  is  furnished  by  a  specimen  from  Polmaddy 
Bum,  five  miles  W.S.W.  of  Carsphaim  (4956). 

Graphite, — ^The    unaltered    rocks    belonging    to    the    chert- 
shale    series    are    often    highly    charged    with    carbonaceous 
matter  in  the  form  of  fine  dust.     In  the  neighbourhood  of  the 
granite  masses  this  is  converted  into  crystalline  aggregates  and 
plates  of  graphite,  giving  brilliant  reflections  when  viewed  under 
suitable  conditions.     The   graphite  may  be   easily  isolated  by 
treating  the  powder  of  the  rock  with  cold  hydrofluoric  acid  for 
some  days,  and  then  washing  the  residue.     The  comparatively 
light  graphite  is  readily  separated  from  the  heavier  undecom- 
posed  particles.     It  occurs  for  the  most  part  in  irregular  crystal- 
line  aggregates,   measuring   on    the    average   about    'OSmm.    in 
diameter ;  but  extremely  thin  plates  are  by  no  means  uncommon. 
These  show  brilliant  metallic  lustre  in  ordinary  reflected  light 
or  when  viewed  with  a  lieberkuhn,   and  hexagonal   outlines, 
though  rare,  may  occasionally  be  seen.     In  a  specimen  (4969) 
from  Meikle  Craigrarson,  which  illustrates  this  mode  of  occur- 
rence  of  graphit-e   in    great   perfection,  quartz  and  graphite  are 
the  two  principal  constituents,  but  thin  layers  containing  long 
slender  prisms  of  chiastolite  also  occur.     White  mica  is  present 
in  small  quantity,  and  minute  crystals  of  tourmaline  and  rutile 
have  also  been  recognised.     The  quartz  forms  a  somewhat  coarse 
micro-crystalline  aggregate.     The  individuals  are  polygonal  in 
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outline,    and    generally    contain    numerous    minute    opaque 
inclusions,  probably  also  graphite,  iu  their  central  parts. 

It  is  tolerably  certain  that  the  original  rock  was  a  carbonaceous 
chert  containing  thin  partings  of  shale.  In  the  process  of  meta- 
morphism  the  original  minute  particles  of  carbonaceous  matter 
coalesced  so  as  to  form  crystals  and  crystalline  groups  of 
graphite ;  the  molecules  of  silica  in  the  chert  also  coalesced  to 
form  the  crystalline  aggregate  of  quartz,  and  the  argillaceous 
particles  of  the  shale  furnished  the  material  for  the  crystals  of 
chiastolite. 

A  similar  development  of  graphite  has  been  described  by  Beck 
and  Luzi*  in  Saxony. 

The  other  minerals  which  have  been  observed  in  the  contact 
rocks  surrounding  the  Galloway  granites  may  be  very  briefly 
disposed  of.  Pyrite  occurs  both  in  the  unaltered  and  altered 
rocks.  Opaque  iron-ores  are  also  often  present.  Rutile  is 
found  in  the  form  of  slender  needles  in  the  unaltered  slates  and 
shales  and  as  yellow  crystals  and  grains  in  some  of  the  altered 
rocks.  The  development  of  rutile  in  the  form  of  yellow  crystals 
and  grains  at  the  expense  of  the  needles  which  so  commonly 
occur  in  the  clay  slates  has  been  described  by  Beck.  Tourma- 
line is  rare  as  a  contact  mineral,  but  yellow  and  blue  varieties 
occur  in  some  of  the  altered  shales  of  Knocknairling  Hill. 
Hornblende  and  augiie  are  also  rare.  Radiating  prisms  of 
colourless  tremolite  have  been  observed  in  some  small  lenticles 
associated  with  the  altered  shales  of  Knocknairling  Hill,  and  a 
pale  green  fibrous  hornblende  occurs  in  a  compact  homstone- 
like  rock  associated  with  the  normal  biotite-homfels  of  Barclay 
Hill,  on  the  southern  side  of  the  Criffel  mass.  At  the  last- 
mentioned  locality  we  find  also  an  abnormal  felspar-bearing 
contaclrrock  containing  large  patches  of  micro-poikilitic  greenish 
or  greenish-brown  hornblende.  It  is  possible,  however,  that  in 
this,  as  well  as  in  some  other  cases  in  the  immediate  neighbour- 
hood of  the  granite  contact,  where  similar  hornblende  occurs,  the 
rock  may  be  of  mixed  origin,  and  not  simply  the  result  of  the 
crystallisation  of  an  original  sediment.  Granular  pyroxene  has 
been  observed  in  a  rock  from  the  immediate  neighbourhood  of 
the  contact,  about  a  quarter  of  a  mile  north  of  Kells  Farmhouse, 
near  Southwick.  The  rarity  of  silicates  containing  lime  and 
magnesia  is  doubtless  due  to  the  fact  that  the  district  is  com- 
paratively free  from  calcareous  sediments. 

ALTERED  SEDIMENTARY   ROCKS. 

In  the   study   of   contact-metamorphism   it   is   obviously   of 
great  importance  to  trace  step  by  step  the  alteration  of  particular 

*  Ueber  die  Bildung  von  Graphit  bei  der  Contoctmetamorphose.  Neues  Jahr.  (1891). 
Vol.  ii.,  p.  28.  See  also  Erlauterungen  zur  ^eologischen  Specialkarie  des  K5nigreichs 
Sachsen,    Section  Piroa, 
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beds  of  rock  of  known  composition  from  areas  where  they  have 
not  been  affected  by  the  igneous  rock  up  to  the  actual  contact. 
Over  a  large  portion  of  the  district  this  is  attended  with  con- 
siderable difficulty  in  consequence  of  the  absence  of  continuous 
exposures  and  the  variable  nature  of  the  coarser  forms  of  sedi- 
ment which  make  up  so  large  a  portion  of  the  area. 

That  the  grits  and  grreywackes  pans  into  crystalline  rocks,  in 
which  the  briginal  clastic  structures  are  either  partially  or 
wholly  obliterated,  can  be  easily  demonstrated,  but  to  trace  any 
one  bed  of  grit  from  the  unaltered  area  to  its  actual  contact  with 
the  granite  is  impossible.  Under  these  circumstances  the 
occurrence  of  a  well-marked  zone,  such  as  that  of  the  radiolarian 
cherts  and  shales,  is  of  the  greatest  importance.  It  maintains 
its  uniform  character  over  the  whole  district,  and  may  be  traced 
at  intervals,  without  any  possibility  of  error,  from  the  unaltered 
area  up  to  the  junction  with  the  granite.  Mr.  Home  in  1892 
called  attention  to  these  facts  in  a  communication  to  the 
Geological  Section  of  the  British  Association  at  Edinburgh,  and 
also  described  the  microscopic  characters  of  the  altered  rocks. 
The  following  account  of  the  metamorphism  of  the  rocks  of  this 
zone  is  based  mainly  on  the  specimens  which  he  collected  on  the 
eastern  side  of  the  Loch  Dee  mass. 

The  unaltered  chert,   of  which  specimens  may  be  obtained 
in  the  Garryhom  Bum,  below  the  Lead  Mines,  Carsphairn,  is  a 
dark,  sometimes  almost  black,  rock  (6998),  traversed  by  narrow 
white  quartz  veins.     If  the  surface  be  moistened  and  examined 
with  a  lens,  the  black  portions  are  seen  to  occur  in  patches  and 
extremely  thin  veins.     Under  the  microscope  the  rock  is  seen 
to  be  mainly  composed  of  clear,   crypto-crystalline   silica,   in 
which    the    circular    and    elliptical   outlines,   indicative    of   the 
former  presence  of  radiolarian  t^sts,  are  easily  discernible.     The 
silica  filling  the  tests  is  somewhat  coarser  in  crystalline  texture 
than  that  forming  the  main  mass  of  the  rock.     It  differs  also  in 
another  respect.     The  interstitial  chert,  when  examined  with  a 
high  power,  is  seen  to  be  less  pure.     It  contains  minute  grains 
and  flecks,  and  here  and  there  minute  flakes  of  a  colourless  mica- 
ceous mineral  may  be  detected.       In  addition  to  the  crypto- 
crystalline  silica  and  the  impurities  above  referred  to,  the  clear 
chert  contains  two  or  three  isolated  rhombs  of  a  carbonate.    The 
material  which  gives  the  dark  colour  to  the  rock  occurs  partly  in 
thin  veins  and  partly  in  the  mass  of  the  rock  in  the  neighbour- 
hood of  the  veins.     It  is  in  these  turbid  portions  of  the  slide 
that  the  lattice-structure  and  spines  of  the  radiolarian  tests  are 
preserved.     In   parts   of  the  slide   the  actual    substance   of  the 
tests  has  evidently  been  replaced  by  the  opaque  material.     The 
white  quartz  veins  are  filled  with  micro-crystalline  silica  with 
which  some  black  opaque  material  is  occasionally  associated. 
The  following  analysis  has  been  kindly  made  for  us  by  Mr.  »T. 
Hort  Player : 
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As  this  rock  is  followed  towards  the  granite  it  becomes  light 
brown  or  grey  in  colour,  and  takes  on  the  character  of  a  fine- 
grained quartzite.  The  granular  structure  becomes  coarser  as 
the  granite  is  approached,  and  in  the  immediate  neighbourhood 
of  the  contact  the  rock  is  often  an  extremely  coarse-grained 
aggregate  of  quartz,  having  a  brown  colour  and  a  peculiar 
resinous  lustre. 

The  series  of  microscopic  slides  (4953-49G9)  illustrates  in  a 
very  perfect  manner  the  gradual  passage  from  compact  chert  to 
coarsely  crystalline  quartz-rock.  In  the  unaltered  rock  the 
individual  crystalline  particles  are  so  small  as  to  overlap  in  the 
thinnest  possible  sections,  and  from  this  condition  to  one  in  which 
the  rock  is  mainly  composed  of  grains  of  quartz,  measuring  one 
to  two  millimetres  in  diameter,  every  immediate  stage  may  be 
observed.  The  crypto-crystalline  condition  passes  gradually 
into  the  micro-crystalline  condition,  and  this  again  into  the 
coarsely  crystalline  condition.  The  change  is  accompanied  by 
the  development  of  brown  mica.  This  mineral  first  appears  in 
the  form  of  extremely  minute  scales  in  the  more  or  less  impure 
chert  which  fills  ut>  the  space  between  the  radiolarian  casts. 
The  purer  silica,  of  which  the  circular  patches  are  formed,  did 
not  contain  the  material  necessary  lor  the  building  up  of  mica. 
As  a  consequence  of  this  it  sometimes  happens  that  the 
traces  of  raciiolaria  are  more  conspicuous  in  tne  rocks  which 
have  been  slightly  altered  than  in  those  which  lie  outside  the 
zone  of  metamorphism.  In  the  final  stages  all  traces  of  the 
radiolaria  are  lost,  and  the  larger  grains  contain  rounded  flakes 
of  biotite,  usually  measuring  from  'OSmm.  to  'OSmm.  in  diameter. 
In  addition  to  the  small  isolated  and  more  or  less  rounded  flakes 
of  biotite  which  occur  as  inclusions  in  the  quartz,  we  find  also  a 
few  ragged  flakes  which  attain  larger  dimensions.  In  describing 
the  microscopic  appearance  of  the  most  highly  altered  forms  of 
radiolarian  chert,  attention  was  especially  called  to  the  brown 
resinous  aspect.  Microscopic  examination  shows  that  this  is  due 
to  the  innumerable  minute  inclusions  of  biotite  contained  in  the 
quartz.  The  two  characteristic  minerals  of  the  altered  repre- 
sentatives of  the  chert  are  quartz  and  biotite,  and  the  rocks 
therefore  constitute  a  special  type  of  biotite-homfels.  In  addi- 
tion to  the  two  characteristic   minerals,    we  find   occasionally 

2r 


462 


The  Silurian  Rocks  of  Scotland, 


small  garnets,  ill-defined  and  often  fibrous  greenish  products, 
probably  arising  as  a  consequence  of  the  alteration  of  the  rhombs 
of  carbonate  which  occur  sparingly  in  the  unaltered  rock.  At 
the  actual  granite-contact,  as  in  the  specimen  from  Meikle 
Craigrarson  already  referi'ed  to,  the  coarse-grained  quartz  rock 
becomes  more  or  less  disintegrated,  and  detached  grains  of 
quartz,  with  the  characteristic  inclusions  of  biotite,  may  be 
isolated  in  the  igneous  matrix.  A  specimen  of  the  coarse- 
grained quartz-biotite-homfels  from  the  immediate  neighbour- 
hood of  the  granite,  collected  at  a  point  about  1^  miles  S.S.W. 
of  Meaul,  has  also  been  kindly  analysed  by  Mr.  Player : 
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A  comparison  of  the  two  analyses  shows  that  there  has  been 
no  appreciable  change  in  chemical  composition  produced  by  the 
intrusion  of  the  granite,  except,  perhaps,  in  the  reduction  of  the 
amount  of  volatile  matter.  The  two  analyses  do  not  differ  more 
than  two  analyses  of  the  unaltered  chert  may  be  expected  to 
differ.  The  analysis  of  the  unaltered  chert  clearly  proves  that 
the  impurities,  as  they  may  be  termed,  are  capable  of  forming 
brown  mica. 

The  only  effect  of  the  granite  intrusion  upon  the  chert  is 
thus  proved  to  be  a  molecular  rearrangement  of  the  chemi- 
cal constituents.  The  molecules  of  silica  coalesce  to  form  larg^ 
irregular  grains  of  quartz,  and  at  the  same  time  the  molecules  of 
alumina,  iron-oxide,  magnesia,  and  alkalies  combine  with  silica 
to  foim  small  scales  of  biotite.  The  actual  distance  traversed 
by  any  molecule  during  the  recrystallisation  of  the  rock  is 
extremely  small,  probably  not  greater  than  the  diameter,  of  one 
of  the  mica-flakos. 

The  shales  associated  with  the  cherts  also  undergo  important 
alteration,  and  in  consequence  of  their  more  complex  composition 
give  rise  to  a  greater  variety  of  contact  minerals.  In  their 
unaltered  state  they  consist  largely  of  extremely  minute  scales 
of  a  colourless  or  nearly  colourless  mica,  associated  with  very 
small  grains  of  quartz  and  felspar  (?).  Pyrite  in  cubes  and 
patches,  carbonates,  and  black  carbonaceous  matter  are  often 
present.  A  specimen  from  the  highest  exposure  in  Polmaddy 
Bum,  about  a  mile  from  the  granite  junction  (4956),  illustrates 
one  of  the  early  stages  of  metamorphism  of  the  chert-shale  series. 
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The  rock  has  been  more  or  less  brecciated,  and  ihe  chert  and 
shale  kneaded  together.  The  chert  has  been  very  slightly 
affected ;  much  of  it  still  remains  in  the  crypto-crystalline  con- 
dition, and  the  impurities  have  not  as  yet  given  rise  to  brown 
mica.  Radiolaria  are  clearly  recognisable.  Important  changes 
have,  however,  taken  place  in  the  bands  and  wisps  of  shale.  At 
the  junction  of  the  two  rocks  a  large  number  of  small  garnets 
have  been  developed.  These  are  sometimes  so  thickly  crowded 
together  as  to  mutually  interfere  with  each  other ;  at  other  times 
they  are  isolated  and  idiomorphic,  the  intervening  space  being 
rict  in  secondary  brown  mica.  The  individuals  vary  in  abze 
from  about  •02mm.  to  'OSmm.  in  diameter.  The  alteration 
in  the  central  portions  of  the  shale  bands  is  not  so  marked,  but 
here,  also,  garnet  and  brown  mica  have  been  formed.  This 
exposure  clearly  Droves  that  the  shale  is  more  readily  affected 
by  the  inetamorphic  agencies  than  the  chert,  doubtless  in  conse- 
quence of  its  more  complex  composition.  A  further  stage  in 
tne  alteration  is  illustrated  by  a  specimen  from  a  point  on  the 
ridge  which  separates  Meaul  and  Carlins  Cairn,  about  300  yards 
east  of  the  granite  junction  (4958).  In  this  case  the  chert  has 
become  distinctly  granular,  resembling  a  very  fine-grained  grey 
quartzite,  whilst  the  shale  has  been  converted  into  a  compact 
homfels  containing  numerous  small  dark  spots.  Under  the 
microscope  the  homfels  is  seen  to  be  composed  of  brown  mioa 
and  quartz.  The  spots  are  formed  of  irregular  individuals  and 
aggregates  of  a  doubtful  mineral  full  of  small  more  or  less 
rounded  grains  of  quartz.  The  brown  mica  occurs  in  the  form 
of  small  scales  which,  together  with  quartz,  make  up  the  greater 
part  of  the  space  between  the  spots.  When  viewed  in  ordinary 
light  the  spots  are  distinctly  visible  in  the  thin  section  in  con- 
sequence of  the  rarity  of  biotite.  In  addition  to  the  minerals 
above  mentioned,  which  make  up  the  greater  portion  of  the 
rock,  we  find  also  a  few  flakes  of  white  mica. 

The  extreme  phase  of  the  alteration  of  the  shales  is  repre- 
sented by  a  specimen  from  the  Xirreoch  Bum,  about  one  mile 
west  of  Carlins  Caim.  In  external  appearance  it  is  a  dark 
brown  mica- schist.  The  microscopic  section  (7000)  shows  that 
the  rock  is  formed  of  lenticles  of  altered  chert,  separated  by 
portions  of  altered  shale.  The  latter  consist  of  brown  mica, 
quartz,  and  greenish  aprgregates  of  a  micaceous  mineral  which 
probably  represent  andalusite.  The  brown  mica  in  this  case 
occurs  in  much  larger  flakes  than  in  the  rock  last  describei 
The  analysis  of  this  rock  by  Mr.  Player  gave  the  following 
result : 
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The  Survey  Collection  includes  a  few  rocks  of  special  interest 
from  the  chert-shale  horizon,  which  deserve  detailed  description. 
The  specimen  from  the  neighbourhood  of  the  granitie  on  Meikle 
Craigrarson  (4969)  is  a  thin  slab  measuring  about  three-eighths 
of  an  inch  in  thickness  and  of  a  dark  bluish-grey  colour.  Long 
slender  prisms  of  chiastolite  may  be  easily  recognised  on  the  flat 
surfaces  by  means  of  a  pocket  lens.  The  microscopic  section 
shows  that  these  crystals  do  not  occur  in  the  mass  of  the  rock, 
which  is  mainly  composed  of  a  granular  aggregate  of  quartz  and 
crystalline  graphite,  but  only  on  the  surfaces  and  in  narrow 
bands.  The  original  rock  was  doubtless  composed  of  a  car- 
bonaceous chert  int^rlaminated  with  shale,  and  the  chiastolite  has 
been  formed  in  the  latter.  The  chiastolite  gives  approximately 
rectangular  cross  sections,  and  has  been  more  or  less  replaced, 
especially  at  the  margins,  by  vividly  polarising  aggregates  of 
white  mica.  In  addition  to  quartz,  graphite,  and  andalusite,  the 
rock  also  contains  both  white  and  brown  micas,  but  not  in  any 
quantity. 

Specimens  from  the  opposite  side  of  the  granite  mass,  about  five- 
twelfths  of  a  mile  from  the  granite  junction,  west  of  Black  Gairy, 
Buchan  Hill,  Glen  of  Trool  (4983  and  4984)  illustrate  an  early 
phase  of  the  alteration  of  black  shale  containing  graptolites. 
The  rock  is  a  bluish-black  homfels,  containing  much  pyrite, 
partly  disseminated  through  the  mass  and  partly  collected  in 
veins.  The  mass  of  the  shale  is  crowded  with  fine  black  car- 
bonaceous particles,  which  have  not  formed  definite  scales  of 
graphite  as  in  the  rock  last  described.  Slender  prisms  of  chias- 
tolite are  recognised  both  in  the  hand  specimen  and  under  the 
microscope.  A  second  mineral  has  also  been  developed,  but  it 
is  now  only  represented  by  a  brown  alteration  product,  giving 
aggregate  polarisation,  and  its  original  character  cannot  be 
determined. 

The  alteration  of  the  grits  and  greywackes  can  only  be 
described  in  general  terms.  The  first  stage  is  seen  in  the  deve- 
lopment of  small  flakes  of  brown  mica  between  the  clastic  grains 
of  quartz  and  felsnar  (6599).  The  mica  flakes  increase  in  size  and 
abundance  as  the  metamorphism  advances,  and  they  are 
developed  not  only  in  the  matrix  but  also  in  the  included  rock 
fragments.  The  outlines  of  the  original  clastic  grains  become 
confused  and  vague,  and  finally  in  the  most  highly  altered  rocks 
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such  as  those  at  Knocknairling  Hill,  no  trace  of  the  original 
structure  remains.  Brown  mica  is  the  most  characteristic  con- 
tact mineral.  It  occurs  in  irregular  scales,  several  of  which 
usually  occur  together.  As  a  rule,  it  is  markedly  allotriomorphic 
with  respect  to  the  quartz ;  in  other  words,  it  plays  the  role  of 
interstitial  matter.  In  some  cases,  however,  it  occurs  in  inclu- 
sions in  the  quartz  grains  in  detached  and  usually  rounded  scales. 
The  grits  and  greywackes  show  great  variability  in  the  size 
of  their  constituent  particles.  This  feature  is  seen  in  all  except 
the  most  highly  altered  rocks.  As  the  metamorphism  increases 
the  outlines  of  the  fragments  become  more  or  less  vague  and 
indistinct,  but  their  former  presence  is  clearly  indicated  by  the 
occuri'ence  of  patches  rich  and  poor  in  brown  mica. 

Of  the  original  constituents  felspar  is  perhaps  the  most  impor- 
tant after  quartz.     This  mineral  appears  to  be  sometimes  des- 
troyed and  sometimes  regenerated  in  the  process  of  metamor- 
phism.    It  is  very  frequently  represented,  as  Messrs.  Bonney 
and  Allport  pointed  out,  by  micro-crystalline  aggregates,  asso- 
ciated with  ill-defined  ilakelets  of  a  micaceous  mineral.       At 
other  times  it  appears  cloudy,   but  with  individual  action  on 
polarised  light,  and  in  a  few  cases  it  is  present  as  a  water-clear 
mineral  in  connection  with  quartz  (2549).     In  addition  to  the 
mineral  fragments,  the  grits  and  greywackes  frequently  contain 
bits  of  felsitic,  trachytic.  and  andesitic  rock,  fragments  of  shale 
and  fine  grits,   and  occasionally  radiolarian  chert.     It  is  not 
possible  to  trace  step  by  step  the  alteration  of  the   diCEerent 
varieties  of  rock,  and  we  are,  therefore,  often  in  doubt  as  to  the 
original  character  of  some  of  the  fragments  in  the  highly  altered 
strata.       However,   the   felsitic  fragments  may   frequently   be 
recognised  in  the  metamorphic  rocks  (690),  and  they  show  that 
here  and  there  small  flakes  of  the  ubiquitous  brown  mica  have 
been  developed  even  when  the  micro-structure  of  the  main  mass 
has  been  little,  if  at  all,  changed.     The  andesitic  fragments  lose 
their  characteristic  structure  and  give  rise  to  much  brown  mica. 
The  shale  fragments  also  show  a  great  development  of  brown 
mica,  with  which  some  white  mica  is  occasionally  associated. 

So  far  we  have  been  referring  only  to  rocks  that  suri'ound  the 
most  northern  of  the  three  large  granite  masses.  The  grey- 
wackes and  grits  rarely  lose  all  trace  of  clastic  structure,  even 
when  the  recrystallisation  is  complete.  A  higher  grade  of  meta- 
morphism appears  to  be  reached  on  the  borders  of  the  Cairns- 
more  of  Fleet  mass,  in  the  neighbourhood  of  New  Galloway. 
The  altered  rocks  of  this  area  have  been  microscopically  exa- 
mined and  described  by  Miss  Gardiner,  and  the  result  of  the 
examination  of  the  material  collected  by  the  Geological  Survey 
has  merely  served  to  confirm  the  accuracy  of  her  work.  A 
series  of  fine-grained  grits  and  shales  can  be  followed  at  intervals 
from  a  comparatively  unaltered  condition  to  one  in  which  com- 
plete recrystallisation  has  taken  place.  The  more  argillaceous 
members  of  the  stratified  series  pass  into  chiastolite-schists,  and 
can  be  followed  close  up  to  the  junction  with  the  granite.     These 
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rocks  do  not  present  any  features  of  special  interest.  Tlie  altera- 
tion of  the  gritty  beds  is  more  remarkable.  Ihe  Una!  product 
is  a  coarse-grained  g^eissose  rock,  mainly  composed  of  brown 
mica,  quartz,  sillimanite,  and  a  little  felspar,  without  a  trace  of 
the  original  clastic  structure.  Such  a  rock  may  be  termed  a 
gneissose  gamet-sillimanite  homf els  with  two  micas.  The 
general  appearance  of  the  rock  under  the  microscope  is  well 
represented  in  Fig.  2,  PI.  XXIII.,  illustrating  Miss  Gardiner's 
paper.  Although  specimens  may  be  obtained  of  somewhat  coarser 
texture,  the  Survey  specimen  (6604)  may  be  taken  as  a  type  of 
this  rock.  In  the  hand  specimen  it  is  a  dark,  medium-grained, 
foliated  rock.  White  mica  is  conspicuous  on  the  surfaces 
parallel  to  the  foliation.  Isotwithstanding  the  fact  that  the 
white  micas  are  arranged  with  their  Hat  surfaces  approximately 
parallel  to  each  other,  the  rock  does  not  cleave  readily  in  the 
direction  of  foliation.  Under  the  microscope  white  mica  is  the 
most  conspicuous  mineral.  It  occurs  in  ragged  plates,  which 
often  contain  garnet,  quartz,  and  sillimanite  as  inclusions.  Single 
individuals,  measuring  one  or  two  millimetres  across,  are  not 
uncommon.  The  plates  are  sometimes  isolated,  but  more  fre- 
quently two  or  three  occur  together.  The  biotite  also  occurs  in 
ragged  plates,  but  the  individuals  are  smaller.  The  pleochroism 
ia  strongly  marked,  and  in  the  position  of  maximum  absorption 
the  mineral  appears  a  very  dark  brown.  Pleochroic  halos  are 
present.  Garnet  occurs  in  the  form  of  rounded  and  irregular 
grains,  and  also  as  idiomorphic  crystals.  The  individuals  vary 
in  size,  those  measuring  about  '^mm.  in  diameter  being  very 
common.  In  other  specimens  of  the  sume  rock  the  average  size 
is  larger.  Inclusions  of  a  colourless  mineral,  probably  quartz, 
are  usually  numerous,  especially  in  the  central  portions  of  the 
mineral.  The  mineral  appears  red  in  the  hand  specimen,  but 
in  the  thin  sections  is  nearly  colourless.  The  sillimanite  is 
developed  in  the  form  of  very  fine  needles,  which  are  often 
aggregated  in  tufts.  They  are  especially  abundant  in  the  white 
mica,  but  occur  also  in  the  quartz.  Quartz  occurs  in  irregular 
grains,  and  sometimes  forms  a  coarse  micro-crystalline  mosaic. 
Felspar  is  rare.  It  may  be  recognised  by  its  refractive  index, 
whicn  is  lower  than  that  of  tl\e  balsam  in  which  the  slide  is 
mounted,  by  its  biaxial  figure,  and  by  the  occasional  presence  of 
lamellar  twinning. 

As  this  rock  is  traced  away  from  the  granite,  a  marked  dimi- 
nution in  the  size  of  the  white  mica  is  observed.  A  good  illus- 
tration of  this  is  furnished  by  a  specimen  from  a  point  below 
the  Cairns  and  near  the  stone  dyke  (6605).  The  rock  is  a  gar- 
netiferous  mica-schist.  The  schistosity  is  more  marked  than  in 
the  specimen  from  the  immediate  neighbourhood  of  the  granite, 
and  the  white  micas,  instead  of  appeariug  as  individual  plates, 
form  a  glaze  on  the  flat  surfaces.  The  garnets  are,  however, 
somewhat  larger  in  this  specimen  than  in  the  last. 

In  the  immediate  neighbourhood  of  the  granite  the  garnet- 
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sillimanite  hornf  els  contains  lenticles  of  a  pink  rock  essentially 
composed  of  quartz  and  garnet. 

The  alteration  of  the  shale  bands  into  more  or  less  schistose 
rocks  containing  chiastolite  has  been  already  referred  to.  Asso- 
ciated with  these  shales  are  some  thin  bands  and  lenticles  of  a 
harder  rock,  in  which  radiating  groups  of  crystals  may  be  recog- 
nised with  a  hand  lens  (6601).  Under  the  microscope  these 
crystals  can  be  identified  as  tremolite.  The  other  minerals 
recognisable  are  quartz,  mica,  pyrite  (abundant),  and  black 
carbonaceous  dust. 

In  the  immediate  neighbourhood  of  the  granite  occurs  a  black 
graphitic  schist  (6602),  containing  micro-poikilitic  white  mica 
crowded  with  minute  particles  of  carbonaceous  matter,  and  not 
easily  distinguishable  from  the  main  mass  of  the  rock,  which 
consists  mainly  of  quartz  and  carbonaceous  dust,  without  the  aid 
of  polarised  light. 

It  appears  from  what  has  been  already  said  as  to  the  contact- 
metamorphism  surrounding  the  granite  masses  of  Galloway  that 
the  district  abounds  in  illustrations  of  the  alteration  of  the  various 
types  of  non-calcareous  sediment.  Limestones  are,  however, 
conspicuous  by  their  absence  from  the  contact  zones.  Under 
these  circumstances  special  interest  attaches  to  a  compact  green 
rock  occurring  in  impersistent  bands  and  lenticles  in  a 
biotite-homfels,  close  to  the  junction  of  the  Criffel  mass,  on  the 
south-east  of  Barclay  Hill,  about  4J  miles  S.S.E.  of  Dalbeattie. 
This  rock  (6598)  probably  represents  in  an  altered  form  one  of 
the  impure  calcareous  rocks  associated  with  the  Upper  Silurian 
deposits  of  this  area.  It  is  the  "  come  verte  "  of  French  petro- 
graphers.  Under  the  microscope  it  is  seen  to  be  a  very  fine- 
grained .aggregate  of  a  colourless  mineral,  presumably  quartz, 
hornblende,  a  colourless  garnet  occasionally  showing  signs  of 
double  refraction,  and  some  opaque  grains  of  iron-ore.  The 
hornblende  is  allotriomorphic,  and  the  larger  patches  show 
micro-poikilitic  structure.  All  the  constituents  are  extremely 
small,^  and  the  true  character  of  the  rock  can  only  be  determineo 
by  the  use  of  very  thin  sections  and  a  high  power.  It  would 
be  interesting  to  determine  whether  any  felspar  is  present,  but 
owing  to  the  extremely  fine  grain  of  the  rock  this  is  impossible. 

We  have  now  to  describe  the  efiects  of  the  granites  upon 
the  igneous  rocks  of  Lower  Silurian  age. 

ALTERED  IGNEOUS  ROCKS. 

Arenig  lavas  altered  by  granite  occur  near  New  Cumnock  and 
at  the  margin  of  the  Carsphairn  mass.  Those  from  the  former 
locality  (6530-6538)  are  coarse-grained,  massive,  and  often 
mottled  with  dull  green  and  pink  tints.  Traces  of  an  amygda- 
dolial  structure  may  frequently  be  seen  in  the  hand  specimens. 

When  examined  under  the  microscope  the  minersJogical  com- 
position of  the  rocks  is  seen  to  vary  in  different  specimens,  and 
even  in  different  portions  6f  the  same  section.     The  following 
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minerals  have  been  recognised  in  the  series  taken  as  a  whole : 
hornblende,  augite,  biotite,  garnet,  felspar,  sphene,  epidote, 
black  opaque  iron-ores,  pyrite,  haematite,  carbonates,  chlorite. 

The  hornblende  is  usually  brown,  but  green  yarieties  have  also 
been  observed.  It  occurs  in  small  crystals,  with  more  or  less 
rounded  angles;  also  as  grains  and  as  large  micro-poikilitic 
patches  crowded  with  small  felspars  and  other  minerals  ((5531). 
The  augite  is  pale  in  colour  and  faintly  pleochroic  in  pale  green 
and  yiolet-brown  tints.  It  is  usually  present  in  the  form  of 
small  grains  and  irregular  patches,  but  traces  of  the  ortho- 
pinacoid,  clinopioacoid  and  prism  faces  have  been  observed. 

The  common  type  of  biotite  is  greenish  in  colour.  It  may  be 
present  either  as  small  scales  or  as  large  micro-poikilitic  patches. 
The  reddish  brown  biotite,  which  is  so  common  as  a  product  of 
contact-metamorphnsm,  has  been  observed  only  in  one  specimen 
(6538).  Here,  however,  it  occurs  in  great  abundance,  and  forms, 
together  with  felspar,  the  main  mass  of  the  rock. 

(iamet  is  especially  characteristic  of  the  series,  taken  as  a 
whole,  although  it  is  not  present  in  every  specimen.  This 
mineral  is  found  in  the  mass  of  the  rock,  and  also  in  veins  and 
amygdaloidal  cavities.  It  may  be  deep  brown  or  colourless,  and 
it  is  worthy  of  note  that  the  colourless  varieties  invariably  show 
double  refraction.  Pale  brown  varieties  are  the  most  common. 
The  individuals  are  aggregated  together,  and  but  rarely  show 
signs  of  idiomorphism.  They  frequently  form  zones  round  the 
amygdaloidal  cavities,  and  sometimes  extend  into  these  cavities. 
In  the  latter  case  they  increase  in  size,  lose  their  colour,  become 
doubly  refractive,  and  sometimes  idiomorphic.  It  is  interesting 
to  note  that  the  garnet  of  these  rocks  is  quite  distinct  from  thac 
of  the  altered  gnts  and  shales.  On  the  other  hand,  it  resembles 
the  garnet  often  found  in  metamorphosed  calcareous  rocks.  It 
is  highly  probable  that  it  has  been  developed  only  in  those  rocks 
which  were  decomposed  before  the  intrusion  of  the  granite,  and 
in  which  carbonates  had  been  extensively  developed. 

Felspar  occius  either  as  aggregates  of  irreg^ar  grains  or  as 
large  micro-poikilitic  patches,  ihe  latter  are  certainly  ortho- 
clase.  The  substance  of  this  felspar,  which  forms  as  it  were  the 
ground  mass  of  several  specimens  and  shows  uniform  extinction 
over  large  areas,  is  often  perfectly  Umpid  and  entirely  devoid  of 
twinning,  but  it  is  so  closely  crowded  with  the  other  constituents 
of  the  rock  that  its  exact  determination  is  attended  with  con- 
siderable difficulty.  The  fine  powder  of  the  rock  was  searched 
for  a  long  time  in  the  hope  of  finding  minute  M-flakes,  but  no 
reliable  results  were  obtained.  A  solution  of  borotungstate  of 
cadmium,  having  a  refractive  index  intermediate  between  that 
of  orthoclase  and  albite,  was  then  prepared.  When  tested 
in  this  solution  by  the  Becke-method,  the  mineral  in  question, 
was  found  to  agree  with  the  orthoclase,  and  at  the  same  time  one 
or  two  M-flakes  were  accidentally  met  with.  These  gave  con- 
firmatory evidence.  Seeing  that  the  original  rocks  were  either 
intermediate  or  basic  in  composition  there  can  be  no  doubt  that 
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this  f  elspai*  is  a  product  of  metamorpliism.  This,  indeed,  might 
be  inferred  from  its  relation  to  the  other  constituents  quite  apart 
from  its  composition.  Further  evidenc^e  of  the  secondary 
development  of  felspar  is  furnished  by  the  fact  that  it  may 
occasionally  be  observed  in  the  amygdiiles.  In  addition  to  the 
secondary  felspar,  which  is  always  present^  one  specimen  con- 
tains the  relics  of  felspar-phenocrysts.  These  are  zoned  by 
garnets  which  appesU*  to  eat  into  and  partially  occupy  the  space 
originally  filled  with  felspar. 

Sphene  is  almost  always  present  in  considerable  abundance. 
It  occurs  in  the  form  of  minute  colourless  grains,  often  clustered 
together,  and,  more  rarely,' as  larger  grains,  which  sometimes 
assume  a  spindle-shaped  form. 

Iron- ores,  zoned  with  colourless  sphene,  may  be  observed  in 
one  or  two  specimens. 

Epidote  is  not  a  common  constituent.  It  may  occasionally  be 
seen  associated  with  a  carbonate  in  the  central  portions  of  some 
of  the  amygdules.  Carbonates,  when  present,  occur  as  large 
crystalline  patches  moulded  upon  the  other  constituents.  They 
probably  represent  the  secondaiy  carbonates,  due  to  the  decom- 
position of  the  original  rocks;  but,  if  so,  it  is  clear  that  they 
must  have  undergone  recrystallisation  under  the  influence  of  the 
granite.     The  other  minerals  do  not  call  for  detailed  description. 

With  the  exception  of  the  felspar  phenocrysts  in  one  speci- 
men (6530),  and  the  amygdaloidai  structures  in  several  others, 
the  original  structures  of  these  rocks  have  entirely  disappeared. 
The  augite,  hornblende,  garnet,  sphene,  and  the  greater  part  of 
the  felspar  are  of  secondary  origin,  and  they  have  been  developed 
in  such  a  way  as  to  destroy  the  original  micro-structure  of  the 
rock.  The  only  rocks  in  any  way  resembling  those  above 
described  are  the  metamorphosed  basic  rocks  surrounding  the 
shap  granite  (See  Quart.  Joum.  Geol.  Soc,  vol.  xlix.  (1893) 
Supplementary  Notes  on  the  Metamorphic  Kocks  around  the 
Shap  Granite:  by  Messrs.  Harker  and  Marr).  The  two  groups 
resemble  each  other  in  containing  garnet  of  the  same  type, 
sphene,  augite,  and  hornblende,  but  the  micro-poikilitic  ortho- 
clase,  which  forms  a  peculiar  feature  in  many  of  the  Scottish 
rocks,  is  absent  from  those  of  Shap. 

The  following  table  represents  the  distribution  of  the  minerals 
in  the  specimens  from  Polshill  Burn:  — 
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Am}'gdule   filled  with  carbonate 
and  epidote   and   soned    with 
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garnet.       Felspar    phenocryst 
soned  with  garnet. 

6681 
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Orthoclasein  large  water-clear  on- 
twinned  micro-poiklitic  patches. 
Iron-ores  coned  with  sphene. 
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Orthoclase  as  above. 
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Pyrite. 
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Micro-poikilitic  hornblende. 
Orthoclase   as  in   6631.      Oamet 
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often  doubly  refractive. 
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Orthoclase  as  in  6631,  sometimes 
crowded  with  granular  pyroxene. 

6537 
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X 

Secondary  felspar  in  amygdulea. 
Pale  brown  and  pale  green  biotite 
in  small  scales.     Micro-crystal- 

6638 

X 

X 

X 

line  aggregate  of  felspar. 

The  altered  Arenig  lava  from  the  edge  of  the  Caimsmore  of 
Carsphaim  gi-anite  (7171)  is  composed  of  small  whitish  spots 
and  patches  with  somewhat  vague  boundaries  in  a  fine-grained 
dark  matrix. 

Under  the  microscope  the  whitish  spots  are  seen  to  represent, 
at  any  rate  in  most  cases,  amygdaloidal  cavities.  The  central 
part  of  the  spot  is  usually  occupied  by  a  patch  of  crystalline 
calcite  with  irregular  borders.  The  marginal  part  is  an 
aggregate  of  felspar.  The  crj^stalline  calcite  is  moulded  on 
the  felspar.  Granules  of  colourless  f  sphene  and  crystals  or 
grains  of  epidote  occasionally  occur  in  association  with  the 
calcite  and  felspar;  so  also  do  malacolite,  hornblende,  and 
garnet,  though  more  rarely.  The  ground-mass  is  essentially 
composed  of  felspar  and  hornblende.  These  two  minerals  form 
a  confused  aggregate.  The  individuals  of  hornblende  are  small, 
and  without  any  marked  idiomorphism,  although  they  fre- 
quently show  a  tendency  to  elongation  in  the  direction  of  the 
vertical  axes ;  they  are  not  large  enough  to  show  good  cleavages. 
The  colours  are :  a,  .  yeDow ;  p  and  y,  olive -green.  The 
hornblende  lies  in  a  matrix  of  felspar  which  cannot  be  definitely 
determined.  Definite  crystallographic  boundaries  are  absent, 
but  the  individuals  sometimes  show  a  tendency  to  elongation  in 
one  direction.  Colourless  grains  of  epidote  or  malacolite  also 
occur  in  association  with  hornblende  and  felspar.  Grains  and 
crystals  of  sphene  may  also  be  occasionally  observed.  From  the 
above  description  it  appears  that  the  original  rock  has  been 
recrystallised,  -and  the  true  igneous  structure  has  been  almost 
entirely  obliterated  in  the  process. 

Another  specimen  from  Poldores  Bum,  Carsphaim  (7172),  is 
a  medium-grained,  dark,  massive  rock,  composed  of  lath-shaped 
l)la<i:ioclase,   ophitic  brown  hornblende,  biotite,   and  iron-ores. 
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The  original  rock  was  doubtless  an  ophitic  dolerite,  probably 
intrusive.  The  augite  has  been  ciianged  to  dull  brown 
hornblende  without  well-marked  cleavages.  Large  patches 
extinguish  uniformly,  and  bear  the  same  relation  to  the  lath- 
shaped  felspar  as  the  augite  of  the  original  rock.  Biotite  occurs 
in  aggregates  of  small  scales,  which  are  not  distributed  uniformly 
throughout  the  rock.  This  rock  differs  from  the  last  in  that 
the  original  structure  has  been  largely  retained. 


i 
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CHAPTER  XXVUI. 

ECONOMIC  PRODUCTS  OF  THE  SILURIAN  ROCKS  OF 

THE  SOUTH  OF  SCOTLAND. 

In  this  chapter  attention  is  directed  to  the  economic  products  of 
the  Silurian  strata  of  the  Southern  Uplands  and  the  associated 
igneous  rocks,  which  are  presumably  older  than  Upper  Old  Red 
Sandstone  time. 

Building  Materials. — Throughout  the  uplands,  the  Silurian 
rocks  furnish  several  varieties  of  building  stone.  In  particular, 
the  massive  greywackes  and  grits  of  the  Central  Belt  (Llandovery 
and  Tarannon)  are  locally  used  for  this  purpose  on  account  of 
their  durability  and  regular  system  of  jointing,  the  comer  stones 
and  facings  for  windows  and  doorways  being  usually  composed  of 
sandstone  of  Triassic,  Permian,  or  Carboniferous  age.  Indeed  all 
the  towns  and  villages  within  this  geographical  belt,  from  Peebles, 
Galashiels,  and  Hawick  in  the  east,  to  Wigtown  and  Glenluce 
in  the  west,  are  mainly  constructed  of  these  materials.  In  the 
Noi-them  Belt,  also  the  greywackes  and  grits  (Oaiudoc  and 
Llandeilo)  have  been  serviceable  for  building,  -as,  for  instance,  in 
the  districts  of  Broughton,  Leadhills,  Wanlockhead,  Carsphaim, 
and  Portpatrick.  Most  of  the  houses  of  the  latter  seaside  resort 
and  the  greater  part  of  the  pier  and  dock  have  been  built  of 
stone  from  the  large  quarry  at  Portpatrick.  Within  recent 
years,  however,  since  the  development  of  the  railway  system, 
the  much  younger  sandstones  of  AnnfLn,  Dumfries,  and  other 
localities  have  been  exclusively  used  for  the  larger  buildings 
within  the  Silurian  region. 

By  far  the  most  important  building  stones  are  obtained  from 
the  granite  masses  that  traverse  the  Silurian  rocks  in  the  south- 
west of  the  tableland.  The  largest  quarries  have  been  opened 
at  Dalbeattie  and  to  the  south  of  Creetown.  The  stone  from 
these  places  has  been  extensively  used  for  ornamental  purposes, 
for  street  pavement,  and  for  docks.  The  new  docks  at  Liverpool 
have  been  entirely  constructed  of  stone  obtained  from  the  Cree- 
town granite  quarry.  Recently  the  Dalbeattie  granite  has  been 
used  for  the  manufacture  of  granolithic  pavement. 

In  the  Ballantrae  region  some  of  the  red,  green,  and  mottled 
varieties  of  serpentine,  and  the  beautiful  diabase-porphyrite 
(Arenig  lava)  of  Currarie,  Knockgown,  Pinbain,  and  other 
localities  are  worthy  of  attention  for  ornamental  purposes,  but 
they  have  not  yet  come  into  use. 

Throughout  the  Silurian  Tableland  the  greywackes,  grits,  and 
flagstones,  together  with  the  dykes  of  acid  intmsive  rocks,  have 
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been  locally  available  for  field  "  fences  "  or  "  dry-stone  dykes." 
The  grey  and  blue  flaggy  stales  have  been  worked  at  various 
localities  for  roofing  pur^wses,  as,  for  example,  at  Stobo,  "Wrae, 
and  Grieston  in  Peeblesshire,  near  Elvanfoot  in  the  Abington 
district,  at  Benbuie  near  Moniaive  in  Dumfriasshire,  at  Barlae 
and  Mamhoul  in  the  district  of  the  Ken,  at  Loch  Lure  and  Loch 
Bradan  north  of  the  Loch  Doon  granite  mass  at  Cairnryan  in 
Wigtownshire,  and  other  places.  They  are  not  genuine  slates, 
as  they  split  along  the  bedding  planes,  and  on  account  of  their 
weight  are  not  well  adapted  for  roofing.  For  many  years  they 
have  been  superseded  by  the  lighter  Welsh  slates. 

Limestones. — ^These  occur  chiefly  in  the  Girvan  and  Ballantrae 
region,  where  they  are  still  in  much  request  for  agricultural 
purposes.  The  limestone  occurs  in  thick  beds  of  excellent 
quality,  and  might  be  extensively  employed  for  more  than  local 
use.  The  largest  quarries  still  in  operation  are  those  of  Tra- 
mitchell  and  Craighead;  within  the  last  few  years  another 
opening  has  been  made  at  the  latter  locality  close  to  the  quarries 
formerly  worked.  Other  exposures  of  the  Stinch-ar  Limestone  at 
Aldons,  Bougang,  Colmonell,  etc.,  which  were  formerly  quarried, 
have  .now  been  abandoned.  In  Peeblesshire  thin  lenticular 
patches  of  limestone  occur  at  Wrae,  Glencotho,  Drummelzier, 
and  Winkston,  the  working  of  which  has  long  been  discontinued. 

Road-Metal. — ^The  harder  greywackes  of  the  Silurian  system 
are  extensively  used  for  macadamised  roads,  but  the  material  is 
frequently  not  very  durable.  The  massive  greywackes  and  grits 
(Llandovery  and  Tarannon)  are  best  adapted  for  the  purpose. 
More  compact  road-metal  is  obtained  from  the  dykes  of  micro- 
granite  and  porphyrite  where  these  are  readily  accessible,  as,  for 
^  instance,  in  the  neighbourhood  of  Castle-Douglas,  Innerleithen, 
and  the  Moorfoot  Hills,  the  exposures  of  which  are  indicated  on 
the  several  sheets  of  the  Survey  Map. 

Hone-Stones. — In  theTDippal  Bum  in  Ayrshire,  and  at  Hareshaw 
in  the  Pentland  Hills,  the  green  fine-grained  shales  in  the  fish- 
bearing  zone  of  the  Downtonian  series  have  been  quarried  for 
hones.  Some  of  the  softer  flags  and  shales  in  the  Lowther  Shales 
of  the  Leadhills  region  might  be  used  for  water-hones. 

Oees. — Lead. — Galena  has  been  worked  at  various  localities 
throughout  the  uplands,  especially  in  the  districts  of  Leadhills, 
Wanlockhead,  Blackcraig,  near  Newton-Stewart,  and  at  Cars- 
phaim.  Of  these  mineral  fields  the  most  important  is  that  of 
Wanlockhead  and  Leadhills,  where  mining  operations  are  still  in 
progress.  An  interesting  feature  connected  with  the  occurrence 
of  galena  in  this  region  is  the  gradual  disappearance  of 
metalliferous  conditions  as  the  black  shales  are  approached 
horizontally  and  vertically.  The  ore  seems  to  be  restricted  there 
to  veins  in  the  arenaceous  sediments  (Caradoc)  overlying  the 
radiolarian  cherts  and  Glenkiln-Hartfell  black  shales.  Tliis 
peculiarity  in  the  distribution  of  the  galena  has  been  noted  at 
the  surface,  and  has  been  proved  by  the  minin&r  operations 
underneath.  r  j  b     ^ 
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The  direction  of  the  veins  is  indicated  on  the  Geological  Map 
of  that  region  (Sheet  15),  and  their  general  character  may  be 
gathered  from  the  following  description  of  a  part  of  the  New 
Glencrieff  vein,  given  in  the  Explanation  accompanying  that 
sheet.  The  vein  hades  to  the  east  at  70°-75°.  Beginning  at  the 
east  or  "  hanger  "  side,  the  order  of  metals  is  as  under  (Explana- 
tion of  Sheet  15,  p.  42) : 

INCHES. 

a.  Greywacke  :  part  of  the  general  Silurian  rock  or  "country." 

h.   **  Black  Jack  '  (zinc-blende)  decomposing  into  clay,      .  i 

c.  **  Vein-stuflF"  :  greywacke  ground  up  and  mixed  with  quartz,  1 J 

d.  Calc-spar  (^  inch  to  1  inch), 1 

e.  Galena, h 

/.    *' Vein-stuff,"  similar  to  c:   quartzose  and  graduating  into 

pure  quartz  near  the  floor  of  the  level  (2  to  3  inches),  3 

(/.  Blue  greywacke  :  joints  veined  with  calcareous  matter,  3| 

h.  Hard,  fine,  compact  quartz,  with  iron-pyrites   in   flowers ; 
that  is,  the  crystals  are  scattered  through  the  mass  and 

are  not  connected, 7 

k.  Alternating  irregular  layers  of  barytes  and  galena,  8 

L    **  Vein-stuff,"  similar  to  c. 

m.  Greywacke  (the  ** ledger"  side  of  the  vein)  marked  with 
vertical  slicken-sides, 
The  section  is  about  six  feet  high.  A  string  of  "  Black  Jack  "  commences 
at  the  roof  of  the  level  in  g,  and  cuts  through  all  the  layers  to  m,  which  it 
enters  near  the  floor  ;  a,  g,  and  m  are  "country."  The  other  layers  and  the 
string  are  properly  the  vein.  The  veins  vary  at  every  step,  and  are  some- 
times remarkably  rich  in  lead  ores  ;  while,  on  the  other  hand,  the  levels  are 
sometimes  driven  for  many  fathoms  without  meeting  with  any. 

At  Dalleagles,  south  of  New  Cumnock,  a  vein  of  galena  occurs 
close  to  thjB  great  boundary  fault,  in  strata  consisting  of  blue 
shaly  greywackes  similar  to  those  at  Leadhills. 

At  Blackcraig,  near  Newton-Stewart,  large  mines  have  been 
opened  in  the  Llandovery  and  Tarannon  flags  and  shales  and  in 
tne  underlying  black  shales,  where  the  veins  of  galena  have  a 
general  trend  from  E.S.E.  to  W.N.W.  A  few  transverse  veins 
run  generally  N.N.E.  As  in  the  Leadhills  region,  the  galena  is 
here  associated  with  zinc-blende,  quartz,  and  calcite.  The  same 
ore  of  lead  has  been  worked  in  the  Wood  of  Cree,  opposite  Pen- 
ninghame  House;  at  the  Caimsmore  Mines,  near  Caimsmore 
House ;  and  at  the  Pibble  Hill  Mines,  east  of  Creetown.  Further 
west,  thin  veins  of  galena  have  been  found  on  Knockibae  Hill, 
to  the  north  of  New  Luce. 

Galena  was  at  one  time  extensively  worked  at  the  lead  mines 
at  Garryhom,  west  of  Carsphaim,  where  the  main  vein,  which 
traverses  grevwackes  and  shales,  runs  in  a  nqrth  and  south 
direction.  Tnis  ore  of  lead  likewise  occurs  there  in  the  grey- 
wacke as  well  as  in  the  main  vein. 

In  the  Balloch  Bum,  below  the  Nick  of  the  Balloch  near  the 
head-waters  of  the  river  Stinchar,  a  trial  mine  in  search  of 
galena  was  opened  in  the  greywackes  and  shales. 

Among  the  Upper  Silurian  rocks  of  the  Lesmahagow  inlier, 
galena  occurs  in  several  veins  in  association  with  barges,  as,  for 
instance,  near  the  head  of  the  river  Netban  and  its  tributary, 
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the  Pockmuir  Bum.  One  lode,  on  the  north  slope  of  Nutberry 
Hill,  about  two  feet  wide,  consists  of  barytes  with  a  string  of 
galena  from  two  to  four  inches  across.  Another  lead-bearing 
vein  occurs  near  the  head  of  the  Ponesk  Water  in  the  same  area 
(Sheet  23). 

Iron, — Thin  veins  of  haematite  occur  in  association  with  the 
red  radiolarian  cherts  (Arenig)  at  various  localities  near  the 
northern  margin  of  the  Silurian  Tableland,  as,  for  example,  not 
far  to  the  south  of  Lamancha  in  Peeblesshire ;  near  Tewsgill  in 
the  Abington  district,  Lanarkshire;  below  the  Nick  of  the 
Balloch  near  the  head- waters  of  the  Stinchar  in  Ayrshire ;  and 
on  the  Salachan  Hill  in  the  estate  of  Knockdolian  in  the  same 
county.  At  none  of  these  localities  does  this  ore  occur  in  work- 
able quantity.  A  specimen  of  red  haematitic  shale,  procured  by 
the  Geological  Survey  from  this  horizon  at  Jfoblehouse  in 
Peeblesshire,  was  analysed  by  the  late  Professor  George  Wilson, 

with  the  following  result  (Explanation  of  Sheet  24,  p.  23)  : 

« 

Peroxide  of  iron.       ......       38*42 

Alumina,  .         .  .  .12*19 

Clay,         ........       44*62 

•    Alkaline  salts  with  traces  of  lime  and  magnesia,         4*77 


100*00 
Iron,  per  cent.,  27*0. 

A  prominent  vein  of  haematite  occurs  on  the  Coran  of  Port- 
mark,  near  the  eastern  margin  of  the  Loch  Doon  granite  mass, 
the  trend  of  which  is  about  N.N.W.  and  S.S.E.  The  direction 
of  this  vein  has  been  proved  by  various  trial  pits,  which  show 
that  it  traverses  the  slightly  altered  greywackes  and  shales. 
Thin  veins  of  haematite  have  been  noted  also  (1)  on  the  north 
shore  of  Dally  Bay,  south  of  Oorsewall  Lighthouse ;  (2)  in  the 
neighbourhood  of  Mabie,  south-west  of  Dumfries,  near  the 
mai^n  of  the  Criffel  granite  mass ;  (3)  in  the  Glenjaan  Bum, 
north  of  Moniaive,  Dumfriesshire ;  (4)  in  association  with  the 
lead  veins  of  Wanlockhead  and  Leadhills;  (5)  in  association 
with  barytes  near  the  head  of  Pockmuir  Bum  in  the  Lesmaha- 
gow  inlier.  Traces  of  chalybite  occur  in  a  vein  at  Tonderghie, 
near  Whithorn,  Wigtownshire,  in  association  with  copper 
pyrites. 

Copper. — ^Veins  of  carbonate  of  copper  occur  in  the  grits  and 
shales  near  the  village  of  Elba,  below  the  junction  of  the  White- 
adder  with  the  Dye  Water  in  the  Lammermuir  Hills.  Again, 
in  the  Priestlaw  granite  mass  in  the  same  region,  copper  ore 
("  green  carbonate  and  prismatic  copper  glance  ")  is  met  with  in 
veins  of  barytes,  where  they  have  been  worked  to  a  small  extent. 
In  the  course  of  the  Geological  Survey  of  the  Lammermuir  Hills 
various  lodes  containing  copper  ore  were  observed,  which  are 
indicated  on  the  map,  but  there  does  not  seem  much  hope  of 
working  them  to  profit. 
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In  the  mineral  veins  of  Leadhills  and  Wanlockhead,  copper 
pyrites  is  occasionally  found.  Trial  mines  for  copper  ore  have 
been  opened  in  the  Auchencat  Bum,  near  Hartf ell,  north  of 
Moffat,  and  in  the  island  of  Hestan  on  the  shores  of  the  Solway, 
at  which  latter  locality  the  vein  occurs  in  strata  altered  by  the 
Criffel  pranite  mass.  A  thin  vein  of  copper-pyritea  was  mined 
at  Wauk  Mill,  near  Kirkcowan,  in  Wi^wnshire,  where  this  ore 
appears  in  the  Llandovery  Grits  near  the  northern  margin  of  the 
Central  Belt.  Copper-pyrites  is  likewise  found  in  the  vein 
already  referred  to  at  Tonderghie  near  Whithorn. 

Antimony. — On  .part  of  the  Knipes  granite,  at  a  place  called 
Hare  Hill,  to  the  south-west  of  New  Cumnock,  a  vein  of  anti- 
monite  or  sulphuret  of  antimony  was  formerly  worked.  Though 
the  mining  operations  have  been  discontinued,  much  of  the  ore 
is  still  to  be  found  at  the  old  workings.  Another  "antimony 
mine  "  occurs  in  the  vallev  of  the  Glenshama  Bum,  which  loins 
the  Megcret  Water — a  tributary  of  the  river  Esk  in  Dumfries- 
shire. Here,  on  the  south  slope  of  the  Grey  Hill  and  about  a 
mile  E.S.E.  of  Glendinningr  Farmhouse,  a  vein  yielding  this  ore 
appears  in  the  Hawick  Rocks.  lis  trend  is  approximated 
E.N.E.  and  W.S.W.  The  "vein  stuff"  consists  of  brecciated 
erreywackes  and  shales,  cemented  with  calcareous  matter.  #iln 
the  mineral  veins  of  Leadhills  and  Wanlockhead  small  quantities 
of  antimony  are  also  met  with. 

Manganese, — On  the  old  Sanquhar  road,  about  a  mile  north- 
east from  Wardlaw  Hill,  small  quantities  of  finely  mammillatiOd 
pyrolusite  occur  in  a  vein  of  barytes.  The  same  ore  appears  in 
the  mineral  veins  of  Leadhills. 

Zinc, — Sulphuret  of  zinc  ("  Black  Jack  ")  is  of  frequent  occur- 
rence in  the  galena  veins  of  Leadhills,  Wanlockhead,  and  Black- 
craigr  near  Tfewton-Stewart. 

MispicJcel, — ^Arsenical  pyrites  is  worked  in  a  vein  along  the 
lunction  of  the  Caimsmore  of  Fleet  granite  mass  with  the  altered 
Silurian  rocks,  in  the  valley  of  Palnure,  north-east  of  Newton- 
Stewart. 

Silver, — From  the  galena  veins  of  Leadhills  and  Wanlock- 
head silver  has  been  extracted  with  profit,  and  small  quantities 
have  also  been  obtained  from  the  lead  ore  at  Blackcraig,  near 
Wewton-  Stewart. 

Gold. — From  the  alluvial  deposits  of  the  streams  in  the  dis- 
trict of  Leadhills  and  Wanlockhead  gold  has  been  collected  in 
small  quantities  for  more  than  three  centuries. 

Barytes. — In  the  Upper  Silurian  (Wenlock)  rocks,  veins  of 
barytes  occur  at  Barlocco,  on  the  Berwick  shore,  Kirkcudbright- 
shire. Again,  in  the  Upper  Silurian  rocks  of  the  Lesmahagow 
district  veins  of  barytes  appear,  near  the  head  of  the  river  Nethan 
and  its  tributary,  the  Pockmuir  Bum,  and  also  in  the  northern 
slope  of  Nutberry  Hill. 

MiKEBAL  Wells. — At  various  localities  in  the  Southern 
Uplands  mineral  wells  occur  on  the  lines  of  outcrop  of  the  black 
shale  series,  of  which  the  best  known  are  those  in  the  Moffat 
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district  and  at  Lawrieston  near  Castle-Douglas.  Indeed,  much 
of  the  prosperity  of  Moffat  is  due  to  the  efficiency  of  its  mineral 
waters,  which  still  continue  to  attract  a  large  number  of  visitors. 
Here  there  are  two  springs,  the  most  powerful  one  being  situated 
about  a  mile  north-east  of  the  town,  the  other  in  Hartf  ell  "  score/' 
The  following  analysis  of  the  water  from  the  Moffat  well,  made 
by  Mr.  Johnstone,  Edinburgh,  was  published  in  the  "  Chemical 
^ews,"  1875,  and  inserted  in  Forrest's  "  Guide  to  Moffat" : 

Specific  gravity  at  60'  F.,  1001-068. 
Temperature.  49-5''  F. 
Temperature  of  air,  64*0'  F. 


Sodium  chloride, 
Sodium  sulph-hydrate, 
Calcium  chloride, 
Calcium  sulphate, 
Calcium  carbonate, 
Magnesic  chloride, 
Magnesic  carbonate, 
Potassic  chloride, 
Ferrous  carbonate. 
Silica, 


0-8524 
0-0078 
01248 
00125 
00940 
0-0581 
0-0402 
0-0616 
0-0247 
0-0180 

1-2936 


Total  residue  in  one  litre  dried  at  856°  F.,     1-3874 
Volatile  and  organic  matter,  .0-1150 


Total  solid  residue  in  one  litre, 


1  -5024 


Iodine,  manganese,  and  lithia  in  minute  traces. 
Gases  dissolved  in  one  litre,  34-508  c.c. 


Hydrogen  sulphide. 
Nitrogen,  . 
Carbonic  dioxide. 
Oxygen,    . 


5-325 

25-644 

2-539 

0-999 

34-507 


A  sulphureous  spring  issues  from  the  Silurian  rocks  at  Kirk- 
urd,  Peeblesshire,  similar  to  the  springs  at  Moffat. 

Chalybeate  springs  are  found  in  many  places  throughout  the 
Southern  Tlplands,  more  especially  along  or  near  the  outcrops  of 
the  pyritous  shales.* 

*  In  the  preparation  of  this  chapter  the  descriptive  notes  of  the  economic  prodaotA, 
already  puhlinhed  in  the  Explanations  of  the  Oeolof^cal  Maps,  have  been  uned. 
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I.— LISTS  OF  FOSSILS  FROM  THE  SILURIAN  ROOKS  OF 

THE  SOUTH  OF  SCOTLAND. 

The  following  lists  and  comparative  tables  of  fossils  from  the 
Silurian  rocks  of  the  South  of  Scotland,  with  the  exception  of 
that  of  the  Girvan  district,  supplied  by  Mrs.  Gray,  have  been 
compiled  by  B.  N.  Peach,  with  the  assistance  of  A.  Macconochie. 

It  has  now  been  demonstrated  all  the  world  over,  wherever 
Silurian  strata  have  been  studied,  that  graptolites,  where  they 
occur,  afford  the  most  reliable  means  of  sub-dividing  the  forma- 
tion. List  No.  1  has  therefore  been  restricted  to  the  graptolites 
from  the  South  of  Scotland  collected  by  the  Geological  Sxirvey. 
With  the  exception  of  a  few  species  collected  by  R.  Qibbs  in  the 
Lammermuii's,  and  bv  James  Bennie  from  the  Pentland  Hills 
and  the  Kirkcudbrightshire  shores,  and  some  few  gathered  by 
the  surveyors  while  working  out  their  several  areas,  the  great 
bulk  of  the  specimens,  amounting  to  several  thousands,  have 
been  collected  by  A.  Macconochie.  Part  of  this  collection, 
gathered  prior  to  1879,  was  determined  by  R.  Etheridge,  jr., 
acting  as  Palseontologist  to  the  Scottish  branch  of  the  Survey, 
with  the  assistance  of  Professor  H.  A.  Nicholson.  From  that 
date,  B.  N.  Peach  has  acted  as  Palaeontologist,  and  is  mainly 
responsible  for  the  determinations  given  in  this  list.  Doubtful 
cases  of  identification  have  from  time  to  time  been  referred  to 
Professor  Lapworth,  who  has  also  kindly  looked  over  the  Survey 
Collection  displayed  in  the  Edinburgh  Museum  of  Science  and 
Art,  and  has  thus  rendered  invaluable  assistance  to  the  compilers 
of  the  list. 

List  No.  2  comprises  all  the  fossils,  with  the  exception  of 
graptolites,  from  tne  Silurian  rocks  of  the  Southern  Uplands  in 
the  collection  of  the  Geological  Survey,  whether  collected 
directly  by  the  Survey  or  acquired  by  presentation  or  purchase. 
The  gieater  portion  of  these  fossils*  has  been  collected  by  R. 
Gibbs,  A.  Macconochie,  James  Bennie,  some  by  David  Tait, 
and  also  by  members  of  the  staff. 

The  early  lists  were  determined  by  the  late  J.  W.  Salter  and 
by  R.  EthVridge,  sen.  During  his  term  of  office  as  Acting 
Palaeontologist  to  the  Scottish  branch,  R.  Etheridge,  jr.,  also 
determined  several  forms,  and  subsequently,  in  conjunction  with 
Professor  H.  A.  Nicholson,  named  several  Survey  specimens 
while  preparing  their  monograph  on  the  Silurian  Fossils  of 
Girvan.  After  the  year  1879,  B.  N.  Peach  acted  as  Palaeontolo- 
gist, and  is  mainly  responsible  for  the  list  as  presented.       In 
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addition  to  the  work  of  the  members  of  the  staff,  the  assistance 
of  specialists  ontside  the  Survey  has  been  freely  given.  Thus 
the  late  Thomas  Davidson  named  the  whole  collection  of  Silurian 
Brachiopods  in  the  possession  of  the  Geological  Survey  of  Scot- 
land a  few  years  prior  to  his  death,  and  many  Sui*vey  specimens 
are  figured  by  him  in  his  monograph.  As  above  mentioned, 
Professor  H.  A.  Nicholson  gave  valuable  assistance  to  R.  Ethe- 
ridge,  jr.,  especially  with  the  Silurian  Corals  and  stony  Hydrozoa. 
Dr.  G.  J.  Hinde  determined  the  Badiolarians,  and  many  of  the 
sponges  enumerated  in  the  list.  The  Entomostraca  and  Phyllo- 
caridea  have,  for  the  most  part,  been  throueh  the  hands  of  Pro- 
fessor T.  R.  Jones  and  Dr.  H.  Woodwara,  several  specimens 
belonging  to  the  latter  group  being  figured  in  their  monograph. 
The  Merostomata  in  the  Jermyn  Street  Museum,  London,  have 
been  studied  by  Dr.  H.  Woodward,  and  largely  made  use  of 
by  him  for  his  monograph  on  that  group.  Mr.  Malcolm  Laurie  has 
kindly  given  his  assistance  in  determining  the  Merostomata 
from  the  Pentland  Hills  and  the  Downtonian  rocks  of  the 
Lesmahagow  and  Hagshaw  Hills.  To  Dr.  R.  H.  Traquair  the 
Survey  is  indebted  for  working  out  the  fish  remains. 

List  No.  8  has  been  prepared  and  placed  at  the  disposal  of  the 
Geological  Survey  bv  Mrs.  Gray  from  the  unrivalled  collection 
she  has  made  from  the  Silurian  rocks  of  the  Girvan  district. 

Lists  No.  4  and  No.  5  have  been  compiled  from  the  following 
sources : 

a.  Mrs.  Gray's  list  (No.  3). 

h.  The  Geological  Survey  list  (Nos.  1  and  2). 

r.    Salter  and  Sbdowick.     A  Catalogue  of  tlie  Collection  of  Cambrian 

and  Silurian  Fossik  in  the  Woodwardian  Museum  of  Cambridge. 

4to.     Cambridge.     1873. 

d.  Nicholson,  H.  A.,  and  R.  Etheridge,  jun.      A  Monograph  of  the 

Silurian  Fossils  of  the  Girvan  District  in  Ayrshire.     8vo.      Edin. 
and  London.     1880. 

e.  Davidson,  Thos.      A  Monograph  of  the  British  Fossil  Brachiopoda. 

(PalsBontograph.  Soc.)    4to.     London.     1851-1884. 
/.   Salter,  J.  W.      A  Monograph  of  the  British  Trilobites  (Palaeonto- 

graph.  Soc.)    4to.     London.     1864-1883. 
(f,  Lapworih,  Prof.  Chas.     The  Girvan  Succession.     Quart.  Jour.  Geol. 

Soc.     Vol.  xxxviii.,  p.  537.     1882. 
h.  Blake,  J.  F.     A  Monograph  of  the  British  Fossil  Cephalopoda.     4to. 

London.     1882. 

List  Xo.  6  has  been  compiled  chiefly  from  the  Geological 
Survey  lists  (Nos.  1  and  2),  from  the  papers  of  Messrs  6.  J. 
Brown  and  J.  Henderson  on  the  Upper  Sihirian  Rocks  of  the 
Pentland  Hills,  from  Sedgwick's  and  Salter's  Cambridge  Cata- 
logue, and  from  the  following  sources : 

Jones,  T.  Rupert,  and  H.  Woodward.  A  Monograph  of  the  Briti.sh 
Fossil  Phyllopoda.     (Paleeontograph.  Soc.)    L^naon.     1888. 

Woodward,  Dr.  H.  A  Monograpli  of  the  British  Fossil  Crustacea 
(Merostomata).     (Palieontograph.  Soc.)    1866-1878. 
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No.  1 .  -  General  List  op  the  Graptolitbs  from  the  Silurian  Kocks 
OP  THE  South  op  Scotland  Collected  by  the  Geological 
Survey. 
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1 

Leptograptus  {Lapworth) 
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t,            caduceus 
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X 

1 

„             complanatiis 

1 
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(Lapw.)    ... 

X 

1 

,f             divaricatuB 

1 

(Hall)       ... 

X 

,,             elegana  [Carr.) 

X 

1 

„            flexuosus 

{Lapw. )    ... 
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,,             Forchhammeri 

{Oeinitz)  ... 

X 

,,             intortus 

{Lapw.)    ... 
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,,             moffatensis 

{Carr.)     ... 
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„             MoTTisi  {Hopk.) 

X 

„            patuloBus 
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X 

,,             pumilus 

{Lapw.)    ... 

X 

,,             aextans    {Hall) 

X 
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,,             Clingani 

{Carr.)     ... 

X 

,,              formosus 

{Hopk. )    ... 

X 

Nicholsoni 

i 

1 

{Hopk. )    ... 

X 

X 

,,             ramosus  (^a//) 

X 

X 
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X 
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{Lapw.)    ... 

1 

X 

,,             zic-zac(Lap{<'.) 

X 

,,             minimiiR 

{Lapw.) 

X 

1,              nov.   sp. 

X 
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,,              bicornis  {Hall) 

X 

X 

X 

yy             caudatus 
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X 

1 

o 
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Climacograptus  ccel^us 

{Eapw.)  ... 
coelatus,    var. 

antiquus 

(Zkipir.)  ... 
confertus 

{Lapw.)  ... 
innotatus 
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{Nich.) 
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(Dimorphograptus) 
confertus 
{Nick. ) 
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{Lapw.)  ... 
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{Hall)  ... 
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Diplograptus  tnincatus 

(Lapw.)    ... 
vesiculosus 

{Nick.)     ... 
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Diinurphograptus    ( Lapieorfh ) 

elongatuR 
(Lapw.)... 
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(Lapw.)... 
Petalograptus  (Suess) 
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ftalmed\i»{Barr.) 
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Rastriios  {Barratide) 

capillaris  {Carr.)  ... 
distans  (Lapiv.) 
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maximus  {Carr.)  ... 
peregrinus  ( Barr. )... 
Cyrtograptus  (Carruthers) 
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moftatense  {Lapw.) 
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No.  2. — General  List  op  Fossils,  Exclusive  op  Graptolites,  from 
THE  Silurian  Rocks  of  the  South  of  Scotland,  in  the 
Collections  of  the  Geological  Survey. 
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One-inch  Mape. 

Plants. 

Chondrites  (Sternberg) 

,,         verisimilis    (Salt.) 

X 

X 

8,  32  (?). 

f  f                  Dp.   •  •  •                 ...                 ... 

X 

32. 

Girvanella     (Nichofscnh      and 

Etherxdge) 

,,             problematica 

(N.andE.) 

X 

8,32. 

Land  plants  (?) 

X 

10.  11,  17,  32. 

Pachythecasp 

X 

23; 

Rhizopoda  ? 

Cyclocrinus  (Eichivald) 

1 1          sp.             ...         ... 

X 

15. 

Nidulites  (Salter) 

„        favus  (Salt.) 

X 

X 

X 

8,  14,  15,  24. 

Foraminifera. 

Saccammina  (Sara) 

, ,           Carter!  ( Brady) . . . 

X 

7,8. 

Radioi^ria. 

Styptosphaera  (Na^cke/) 

„           an t iqua    ( Himit ) 
Spongoplegma  (Hctckel) 

X 

X 

, ,             priscum  (Hindt) 
Diploplegma  (Iiinde) 

X 

X 

,,            cinctum   (Hinde) 

X 

X 

Staiirodorus  (Hctckd) 

• 

, ,           gracilis  ( Hinde) . . . 

X 

X 

Stauroplegnm  (Iiinde) 

,,            brevispina 

(Hinde)    ... 

X 

X 

,,            compressum 

(Hinde)    ... 

X 

X 

,,            barbatum 

(Hinde)    ... 

X          X 

,,            diffusum 

(Hinde)      ... 

X 

X 

Acanthosphsera  (Ehrtnherg) 

,,             antiqua 

(Hinde)    ... 

X 

X 
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Radiolaria — continued. 

Haliomma  {Ehretiberg) 

, ,         comutum    ( Hiiult ) 
,,  vetustum     (Hinde) 

Dorysphera  (Hindt) 

,,  laxa  (/Tmcfe) 

, ,  reticulata  ( Hinde ) 

Doryplegnia  {Hiwle) 

,,  gracile  [Hinde) . . . 

,,  nasutum 

{Hinde)    ... 

Dorydictyum  [Hinde) 

,,  simplex  [Hinde) 
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AcTiNOZOA — continued. 
Favosites   mullochensis      {N. 

andEth,)... 

1 1  8u«     ...  , , ,  ... 

Halysites  {Fischer) 

„        catenulatus  (Linn.) 
Heliolites  (Dana) 

interstinctuB  (Linn.) 
parasiticus  (iV".  atid 
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tubulatusi  (Loiufd.) 
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(Petraia)  subdii- 
plicata 
(M*Coy)  ... 
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(M^Cov)  ... 
Lyopora  (Nicholson   and 
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Stenopora  (Z/onsdale) 
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AcTi  N  0S50  A — conHnu&d. 
Tetradium  {Daiia) 

,,  Peach  i      (A^     and 

Eth.) 

•  y  DLJ*     •■•  ••«  •«• 

Ophiuroidea. 
Protaster  {Forbeji) 

, ,         Sedgwicki  ( Forbes) 

Cystoidka. 
Echiuospheerites  ( WaUenherg) 
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granulatuB 
{M^Coy) 
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,,  basalis  {M*Coy) 
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{MUL)      ... 
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Wrighti(froorfw.) 
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OSTRACODA. 
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„        Kla*deiii  {M*Coy)... 
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OsTRACODA — continued^ 

Entomis  sp 

Primitia  {Jones  and  Holl) 

O  K/s  *  •  •  •  •  ■ 


it 


Phyllocabida. 
Aptychopsis  {Bo-rrandt) 

angulata   {Baity) 
barrandiana 

{Jones    and 
Woodic)  .. 
glabra  ( Woodw. ) 
Lapworthi 

{Woodiv.)... 
lata  {Jones) 
minor  {Barr.)  .. 
oblata  {Jones)   . . 
ovata  {Jones)     . . 
Wilsoni  ( Woodw 
, ,  sp.  ...         .. 

Ceratiocaris  {M^Co^ 

inequalis  {Barr,) 
inomatus  {M^^Ccy) 
laxa    {Jone>i    and 
Woodw.)  ... 
leptodactylus     ... 
{M^Coy)  ... 
longa  {Jones  and 
Woodw,)  ... 
ludensis  ( Woodw. ) 
Murchisoni 

{M'Coy)  ... 
papilio  {Salter)  ... 
stygius  (^W^ )  ... 
tjrraimus  {Salt.) 
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{Woodw.).. 
gigas.  {Woodw.) 
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Trilobita — continued, 
Eucriniirus  punctatus,  var. 

.aren- 
aceus 
(Salt.) 
var. 
cal- 
careus 
{Salt.) 
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Trilobita — continued, 
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POLYZOA. 

Ceriopora  (Goldfuss) 

granulosa  {Goldf.) 
oculata  ((?o/€{/!)    . 
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Bracuiofoda — continued. 
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Kutorgina  (Billiftgft) 

, ,  Labradorica  (Biil. ) 

Lepttena  {Dolman) 

„        Etheridgei  {Dai\)  ... 
,,        (Plectambonites) 

quinque  cos- 
tata  {M'C(yy) 
scissa  {SaJt.) 
segroentum  (Angdin) 
sericea  {Sow.) 


>i 


var.    rhom- 
bica  (Jf*Coy) 

(Christiania)     tenui- 
cincta 
{M'Coy)  ... 

(Plectambonites) 

transversalis 
{Wahi.)    ... 

youngiana  {Dav. )  ... 

o^#«  •••  •••  ■•> 

Lingnla  {Bni^gxii^rt) 

attenuata  {Sow. ) 
brevis  {Portl.) 
crumena  {PhU!, ) 

lata  (i^Voir. )     

Lewisi  {Sow.) 
longissima  {Pand.)  ... 
minima  {Soip.) 
ovata  ( Jf  *Coy) 
quadrata  {Etchw. )   ... 
Kamsayi  {Salt. ) 
striata  {Sow. ) 
Syroondsi  {ScJt. ) 

D^^»  •••  ••■  ••• 

Lingulella  {Salter) 

Davisii  (?)  {M'Coy) 
„         lepiB(iSa/^) 
, ,         quebeccensis  ( Bill. ) 

f  y  oU»     •••  •>•  ••• 

linnarssonia  ( Walcot) 

(Obolella)  sagit- 
talis  {Sm. ) 

OU«  •  •  •  •  •  • 

Merista  {Hall) 

„       cymbula  (/>ar. ) 
Meristella  {Hall) 

, ,         angustif rons  ( M'  Coy) 
„         MacLareni  {Haaw.) 
( Whitfieldia)  tumida 
{Dalm,)    ... 
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»♦ 
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)f 
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X 

X 


X 

,x 
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X 


X 
X 
X 


X 

X 


X 

X 

X 


X 
X 
X 
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X 

X 
X 


X 
X 


X 
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X 


I 

1 

M 

8 

•s 


One-inch  Mftpt. 


8. 

15. 

7,  16,  24. 

14. 


7,  8,  24. 
I  7,  8,  24. 
7. 
X    '  6,  7,  8,  14,  16,  24,  25, 
32. 


8,  14,  16. 

7,  8,  14,  15,  24. 


X      6,  7,  8,  14,  16,  24,  32. 

J24. 

7,  8,  14,  16,  24. 

7,  8,  15. 
8. 

X      32. 

X    '  32. 

24. 

X      28. 

I  8.  H. 
14. 

8,  14,  24. 
6. 

X      7,  8,  14. 

X      3,  7,  10,  14,  16,  32. 

!  8. 

.  7,  15. 
'  15. 
16. 


7.  16.  24. 
15. 

14. 


X    i  32. 
X      24,  32. 
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Bractiiopoda — continued. 

Nucleospira  (HcUl) 

,,  pisum  (tVoif.) 

•  m  \3mMm  •  ■  •  •  •  • 

Obolella  {BHUngs) 

y ,        SabrinsB  ( Callaw. )   ... 

f  •  DU«  ••!  •■«  •■• 

Orbiculoidca  {lyOrbigny) 

,,  Forbesi  (All.*.) ... 

Orthis  {Dtilman) 

Actonias  {Sow. ) 
altemata  {Sow. ) 
(Platystrophia)  biforata 

{ScM.)      ... 
(Bilobites)  biloba  (Lmn. ) 
BoucharcU  {Dar. ) 

var.  Balclet- 

chiensis 

{Dai\)      ... 

calligramma  ( DvUm. ) . . . 

var.     pli- 

cata  {Sow. ) 
var.     vir- 

sata  {Sow. ) 
coniiniB  (Scut. ) 
crispa  (^V* Coy) 
( Dalmanella )      olegan- 

tula  {Dafm. ) 
(DinorthiH)  flabellulum 

{Sow. ) 
girvanensis  (Dar.)     ... 
intercostata  {Portl.)  ... 
(Strophoraena)     kilbii- 

choensis 

{Dar.)      ... 
(Skenidhim)    Lewisi 

{Daw)      ... 
mullockien.sis  {Dav.)... 

mnak{Dav.)     

polygramma  (>S'ofr.)    ... 
,,  var.  pent- 

landica 

{Dav.)      ... 
protenaa  {Sow. ) 
Rankini  (i>at.% ) 

reversa  {Sail. ) 

ruatica  (iS^oir.) 

, ,      var.  riffida  {Da  v. ) 
sagittifera  (irCoy)   ... 
sowerbyana  {Dav. )    ... 
(Dalmanella)     testudi- 

naria  {Dalm. ) 
tricenaria  ( Conr. ) 
unguia  {Sow, )  . . 
vespertilio  {Sow. ) 


X 
X 


M 


tt 


sp. 


One*inch  Maps. 


7,  32. 
32. 

15. 

7.  15,  24. 

7,32. 

24. 

8. 

8,  14,  15. 

7,  8,  24,  32. 
5,  14. 


7,  8,  14. 

5,  7,  8,  14,  15,  24. 


7,  8,  14. 

8,  15,  24. 

X      7,  8,  14,  15,  32. 

8,  10,  14,  24. 
8,  14,  24  (?). 
8. 


15,  24. 

32. 

14. 

8*,  32. 


15. 

15,24. 

7. 

10,  14,  32. 

7,  14,  24. 

7,  14. 
14. 

8,  14,  24. 

7,  14,  15. 
8. 

24. 

8,  14,  15,  24. 

5,  7,  14,  24,  25  (?),  32. 
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Brachiopoda — continued. 

Paterula  [Datndson) 

,,        (Discina)   Balcletchi- 

ensis  {Dav.) 
Pentamerus  {Sotcerbi/) 

globosus  {Sow.) ... 

oblonguB  (Sow, )... 

,,         var.     . 

IsBvis  (?) 

(Soio.) 

rotundus  (Sow. )... 

undatus  (Sow.)  ... 


f } 

If 


sp. 


7  7  Sr 

Porambonites  (Pander) 
„  intercedens 

(Pand. ) 
Retzia  (King.) 

Barrandei  (Dav.) 


»» 


sp. 


Rh3mchonel]a  (FiscJier) 

ffimula  (Salt.)... 
balcletchiensis 

(Dav.) 
boreali8(?)(*%W.) 
cuneata  (Dalm.) 
II       var. 

ardmillan- 

enaiB  (Dav.) 
Jacki  (Dav.)  ... 
Lapworthi  (Dav. ) 
llandoveriana 

(Dav.) 
maccoyana 

(Dav.)  ... 
nasuta  (M^Coy) 
nucula  (Sow.)... 
Peachi(Z)ar.)... 
pentlandica 

(Hasw.)  ... 
(Hyattella)  port- 

lockiana 

(Dav.) 
Salter!  (Dav.)... 
Strickland! 

(Sow.) 
Thomson!  (i)oi'.) 
Weaver!  (Salt.) 
Wilson!    (Sow.) 

f  w  8p.  ...  , , , 

Siphonotreta  (De  VemeuU) 

angllca  (Morris) 

mlciila    (M*Coy) 


IT 
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»» 


»> 
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»» 
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sootica  (Dav,) ... 
Skenldium  (HaU) 

shallochiensis  (Dav. 
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§ 

a 
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X 
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X 
X 


X 


X 
X 


X 
X 
X 


X 
X 


c 

> 
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X 
X 


X 
X 
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X 
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X 
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8. 

8. 
8. 


8. 

8. 

7,  8,  14. 

14. 


7.24. 

14. 

14. 

14. 

8. 
15. 

7,  14. 


/. 

15. 

14. 

8,  14. 

24. 

JB,  14. 
8,32. 
14. 

32. 


14. 

8. 

15. 
14. 
14. 
32. 
6,  8,  15,  24,  32. 


8,  14. 
3,  5,  7,  8,  9,  10,   16, 

16,  24,  25,  33. 
8,  14. 
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Brachiopoda — continue, 

Skenidium  woodlandiensis 

{Dav. ) 
Spirifera  (Sowerby) 

crispaC/TM.) 
plicatella  ( Linn, )   ... 
,,        var.radiata 
{Sow,)  ... 
sulcata  (J7m.  ) 
Stricklandinia  (Billings) 

,,  lei]B(«Sou7.)     ... 

,,  lirata  (^ou7.) ... 

Strophomena  {Rafinesque) 

antiquata  {Sow, ) 
applanata  {Salt, ) 
arenacea    {SaJU.) 
compressa 
{Smo,) 
corrugatella 
{Dai\ ) 
(Rafinesquina) 
deltoidea 
{Gonr,)     ... 
(Rafinesquina)    ,, 
var.  rotun- 
data  (Obnr.) 
(Rafinesquina) 
expansa 
{Smo. ) 
filosa  (/$oi<7. )     ... 

g'andis  {Sow,)... 
rayse  {Dav,) ... 
Hendersoni 

{Dav.) 
imbrex    {Pand,) 
ff  var.  semiglo- 

bosa  {Dav.) 
(Orthis)   Kil- 

buchoensis 

{Dav.) 
pecten  {Linn.)... 
retrofiexa 

{Salt.)      ... 
(Leptsena)  rhom- 

boidalis 

{WUck.)  ... 
shallockiensia 

{Dav.) 
undata  {M'Coy) 
Walmstedti 

{Linds.)  ... 

B»J«  •  •  •  •  •  • 

Triplesia  {IlaU) 

GraysB  {Dav.) 
incerta  (2>av.) 


»» 


f  I 


>> 


»» 
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»» 


»» 


ij 
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>» 


t> 


>» 


8p. 


< 
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X 
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X 
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o 


X 
X 

X 
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X 
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X 


X 
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4) 


One-inch  Map«. 


X 

X 


X 
X 


7. 

8,  14. 
8. 

8. 
14,  17. 

7,8. 
7. 

7,  8,  32. 

8,  14,  32. 
7,  15. 

14. 

7,  8,  14,  15. 


7,  8,  14,  24. 


15. 


7,  8,  14,  15. 

14. 

15. 

14. 

32. 

8. 

14. 


15,24. 
7,  14,  32. 

14. 


7.  8,  14,  15,  23,  24,  32. 

24. 

8. 

32. 

5,  8,  24,  32. 

14. 

8 

24. 
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o 

■ 
•MM 

< 

■ 

o 
1 

1 

^  1 

1  ^ 

1  ^ 

One-inch  Maps. 

1 
1 

Lamellibranchiata. 

1 

1 

1 

Ambonychia  (HcUf) 

1 

1 

f  1              sp*              • .  •           .  • . 

X 

7,  8. 

AnoclontopBis  {M^Coy) 

1         , 

bulla  (3/'Coy)... 

1    >< 

23  (?),  32. 

,,            luciiia  (Salt,)  ... 

1         i    ^ 

23,32. 

„            (OrthonotA)  Sal- 

1                  1 

ted    {Eth., 

jnr.f  M.S.) 

X 

32. 

9  f                                   BLla                        •  •  •                         ■  •  • 

1 

1 

X 

32. 

Area  {Liniuxua) 

1 

,,     edmondiffiformis  ( J/*(7oy) 

X   ; 

7. 

Avicula  (Klein) 

1 

„       Danbyi  (iZ-'Coy)      ...     1 

'      X 

14. 

Cardiola  (Broderip) 

1 

„        fibrosa  (/Soir.)          ...     i 

j    X    1  14,  32  (?). 

,,        striata  (iSoir. )            ..     \ 

X 

1 

14. 

1 
f  1            sDs          •  •  •              » •  •              » •  • 

X 

32. 

Cleidophorus  (Ilail) 

, 

) }             sp.                         ...      1 

X 

8. 

Ctencxlonta  (iSo/^er)                        | 

anglica(Z)'Orfe.)... 

X 

8. 

,,           laevis  (iS^oir.) 

X 

7. 

,,          levata  (Hail) 

X 

16. 

ohesA  (SalL) 

X    .  23,  32. 

y,          thracioides  (Sail.) 

\ 

I 

X 

32. 

Cucuiiella  (irboy) 

i*x 

X 

X 

6,  7,  8,  14,  16. 

f  J           sp.    •  •  •          ...          ... 

X 

X 

6,  7,  16,  32. 

Goniophora  (Phillips) 

,,          cymbseformis 

(Sow.)      ... 

X 

23,32. 

Grammysia  (De  Venieutl) 

1 

, ,          rotnndata    ( So  if\ ) 

i 

1 

X 

24,32. 

» »          sp* 

« 

X 

14. 

Lunulicardium  (MibiHter)             1 

j 

„             elegaiu)  (iS'a//. ) 

;    >^ 

32. 

Modiolopsis  (Hall) 

1 

1 
1 

1 

,,           coniplaiiata(ASo(r.)     | 

1            X    ;  -23. 

,f          modiolaris  Conr.) 

X    ! 

7. 

,,          Nilssoni  (His.)  ...     ■ 

1 
1 

X 

23. 

,,          orbicularis  (Sow.) 

X 

1 

16,24. 

y  1                    OLI»                       •  •  ■                 • « « 

1 

X 

7,  14,  32. 

Mytilus  (Liniii) 

1 

1                                  

,,       mytilimeris  (Co?ir.)... 

X      23,  24,  32. 

Orthonota  (Conrreri) 

,,         amygdalina   (Sow.) 

1 

1 

X 

23,32. 

>»                  II          var. 

gentilis 
(Salt.) 

1 
1 

X 

32. 

bulla  (^oft,)                ; 

X 

32. 

„         impressa  (5ot(7.)    ... 

X 

23. 

, ,         rotundata  (Sow. ) . . . 

X 

23. 

, ,         simplex  (Porll. )   ... 

X 

14. 

, ,         solenoides  (Sow. ) ... 

1 
1 

1  >^ 

23,24. 

, ,         trunoata  (M*Coy) . . . 

1 

1     X 

14. 

Appendix. 


681 


LameIjU  bbanchiata — eorUd. 
Orthonota  undata  {Sow, ) 


tt 


sp.  . . . 
Qchus ( 


f  > 


It 


Pleurorhynchus  (Phillips) 

(Gonocardium) 
dipterus 
(Salt.)      ... 

Bp.        ...  ... 

Pterinea  (Ooki/tisa) 

hvaoB  (M*Coy) 
pleuroptera    (Conr.) 
retroflexa  (WaJU.)  ... 
„         var.    navi- 
formis 
(Conr.) 
sowerbyana  (M*Coy) 
tenuistriata  (M*Coy) 

D^f  •  ■«•  •••  «•• 


>» 


It 
tf 

»> 
II 
l» 
l» 
II 


»» 

»» 

II 


Gasteropoda. 
Acroculia  (Phillips)  (vide  Platy - 

ceras) 
BeUerophon  (MotU/ori) 

acutus  (Sow. )     ... 
bilobatu8(^oio.)... 
carinatus  ( Sow. )... 
dilatatus  (Sow. )  . . 
fastigiatus  (LiiuUt, ) 
perturbatus  (Soto. ) 
(Euomphalus) 
sculptuB 
(Sow.) 
squamosus  (Lindst. ) 
subdecuasatus 

(M'Coy)  ... 
trilobatus    (Sow.) 
> ,  sp.  •  •  •  ... 

Chelodea  (Datidson  and  Kiiig) 

y }  op.  ...  ...  ... 

Gyclonema  (Hail) 

,,         crebristria  (M^Coy) 

, ,  op.  ...  ...  ... 

Ecouliomphalus  (Portlock) 

Bucklandi 

(PorU.)  ... 
\xbv\a(Sow.)... 
minor  (Pori/.) 
scoticiu 

(M'Coy)  ... 

sp*      ...  • .  • 

Euomphalus  (Sower^) 

,,  funatuB  (Sow.)  ... 

Holopea  (HoM) 

concimia  ( M'Coy)     . . . 

Bp.  ..•  •(.  ,,a 


»l 

II 
II 
11 

fl 


I* 

it 


I 


6 


(?) 


X 
X 
X 
X 


^ 


On6*inch  Maps. 


24. 

14,  23,  32. 


7,8. 
8. 


I 


'  14. 
X      14, 23. 
X      23. 


X      23. 


X    ,  14. 

X    I  14. 

X    <    X    I  5,  8,  32. 


X 

(?) 


I      X 


X 
X 


5,  7,  8,  14,  15. 
8,  14. 

7,  14,  32. 

8,  14,  15,  32. 
7,  14. 

14. 


i  24. 


8. 


X 

X 
X 

X 
X 

14. 

5,  8,  14,  15. 

7,  8,  14,  32. 

X 

X 

15,  24,  32. 

X 
X 

1 

^ 

7. 

7,  15,  24,  32 

X 

X 

8. 
8. 
7. 

X 
X 

7. 
24. 

X 

X 
X 

32. 
15,  32. 

X 

24. 

8. 
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b      « 
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3    -^ 


One-inch  Maps. 


Gastebopooa — continued, 

Holopella  {M'Coy) 

,,         obsoleta  (^o?o.)     ... 

Loxonema  (Phillips) 

,,         sinuosum  (Sow.)  ... 

I )  Bp*    •••  ...  ... 

Maclurea  {Lemeur) 

Logani  {Salt.) 
Maccoyi  {Salt.) 
(Ophileta)   macrom- 
phala  (if  *Coy) 
magna  {Lesu.) 
mAtvitiDA  {Hall)     ... 

Macrochilina  {Bayle) 

elongata  (Por^.) 


it 
f » 

»» 
I* 

»» 


»» 


)* 


»» 


sp. 
sp. 


7  J  »^m^»  «  •  »  ■  ■  ■ 

Metoptoma  {PhiUips) 

,,  (Tryblidium)     sp. 

Murchisonia     {lyArchiac     et 

De  Vemeuil) 
ajigalo,t&{Sow.)... 
(Pleurotomaria) 
bicincta 
{Hall)      ... 
cancellatula 

{M'Coy)  ... 
elon^ata(?)(Par^.) 
gracilis  {Hall)  ... 
gvrogonia  {M*  Coy) 
oDscura  {PorU. )... 
pulchra  {M^C&y) 
(Pleurotomaria) 

turrita  (Por^.) 
vitellia(5i^^.)  ... 


»» 
»» 


II 


>> 


sp. 


Ophileta  ( Vanuxem) 

, ,       coxnpacta  {Salt. )     ... 
Platyceras  {Conrad) 

(Acroculia)  antiqu- 
atum  {ScUt. ) 
comutum  {His.)  ... 
Gibbsi  {Eth.j  jnr., 
M.S.)       ... 
Platyschisma  {M*C<yy) 

n  (Trochus)     heli- 

cites  {Sow.) 
simulans  {Salt.) 


a 


>» 


»» 


sp. 


Pleurotomaria  {Def ranee) 

alata(»raW.)... 
sequilatera 

{WaM.)    ... 
elliptica  {His.) 


>) 


»> 


X 
X 
X 


X 
X 


X 
X 

X 
X 

(?) 


X 
X 


X     I 

X 

X 


(?) : 


I 

X  X 

X 


X     I 


X 
X 


X 
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X 


14,23. 
15,32. 

14.. 

5,  14,  24. 

7,8. 
8. 

8,  15. 
7,8. 
8. 
14,  15. 

14. 
15. 
8,  15. 

8,  14. 


24. 


7,8. 

14. 

14. 

8. 

7,  8,  15. 

5. 

14. 

14. 

8. 

5,  14,  16,  23,  24. 

7,8. 


24,32. 
8,  24,  32. 

32. 


23.  24,  32. 

24,32. 

32. 

14,  15. 

14,  15. 
15,24. 
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Gasteropoda — continued. 

^ 

Pleurotomaria  helicina  (Lindgt. ) 

X 

24,32. 

,,            (Raphifltoma) 
lenticularis 

{Sow. ) 

X 

X 

7,  8,  14,  15,  24. 

,,            Moorei    {Salt.) 

X 

14. 

„            (Euomphalus) 

qualteriata 

{Schl.)      ... 

X 

X 

8. 

f  f             sp»        ...         ... 

X 

X 

X 

8,  14,  24,  32. 

Raphistoma  {HaU) 

„          flMualis  {Salt.)  ... 
Tremanotus  {Hall) 

X 

8. 

jt          longitudmalis 

{Lindst.) ... 

X 

24,32. 

Trochus  {Linnceua) 

f  f               OjJ.              ...                  .  t  •                  •  •  . 

X 

8. 

Turbo  {lAuncBus) 

f  y           Bp«                    • .  •                 ...                 ... 

X 

15. 

Pteropoda. 

Connlaria  {Miller) 

, ,        elongata  ( Portl. )  ... 

X 

14,  15. 

, ,        Sowerbyi  {Defr. )  ... 

X 

X 

X 

14,  32. 

f  y                 OU*        ...                  ...                  ... 

X 

X 

24,32. 

HyoUthes  {Eichioald) 

, ,        adiincus  ( Barr. ) 

X 

5. 

yj       (Theca)  cornigatus 

{SaJ/.)      ... 

X 

14. 

,,              ,,       Forbesi 

{Sharpe)  ... 

X 

23. 

,,              ,,       reversus 

{Salt.)      ... 

X 

X 

7,  10. 

f,              yy       triangularis 

{ParU.)    ... 

X 

7,  14. 

,,              ,,       vaginuluB 

{Salt.)      ... 

X 

7,  14. 

}  (         sp.      ...          ...          ... 

X 

X 

X 

X 

7,  8,  14,  15,  16,  24, 

32. 

Pterotheca  {Salter) 

, ,         comigata  {Salt. )... 

X 

16. 

Cephalopoda. 

Cyrtoceras  {Qoldfusa) 

,y         (?)  iniequiseptum 

{Pora,)    ... 

X 

8. 

, ,         SGoticum  ( Blaie) . . . 

X 

24. 

}  y                  Bp.  ...                 ...                 ... 

X 

X 

8,17. 

Gomphoceras  {Sowerby) 

,,            ellipticum              ' 

WCoy)    ... 

1 

1 

X 

32. 

9 )                     0  lI*              •  ■  •               •  •  • 

X 

X 

14,32. 

Lituites  {Breyntus)                               ' 

,,       (Nautilus)  sp.           ...     1        ; 

X 

X 

8,  16,  32. 

,,       (Trocholites)     comu- 

arietis  {Sow. ) 

X 

24. 
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CEFBAhOFODA— continued. 

Orthooeras  (Breynius) 

angulatum  ( Wahl. ) 
annulatum    (iSotr.) 
arcuoliratum  (Halt) 
ar^gufl  (Azrr.) 
canalicolatum  = 

(angulatum) 
{Sow.) 
corallif orme  ( M*  Coy ) 
dimidiatum  {Sow.) 
Ethendgei  {Blake) 
fimbriatum    {Sow. ) 
gracile  (Por^/. )    ... 
Grayi  {Blake)      . . . 
ibex  {Sow.) 
imbricatum  ( Wahl, ) 
MacLareni    {Salt. ) 
nicholianum 

{Blake)      .. 
pendens  {Blake)  ... 
politum  {M*Coy)... 
pomeroense  ( Portl. ) 
8emipartitum(<S'oir. ) 
Bubundulatum 

{PorU.)    ... 
tenuicinctum  = 
(elongato- 
cinctum) 
{Portl.)    ... 
vaginatum    {Schl. ) 


I* 


If 


>» 


i< 


»» 


t( 


ft 


f  f 


f  f 


»> 


f » 


f  f 


ff 


>» 


f  f 


If 


f  f 


ft 


ft 


f> 


sp. 


Pisces. 
Ateleaspis  ( Traquair) 

,,  tesseUata  {Tra>q.).. 

Birkenia  ( Traquair) 


ft 


ft 

ft 
f » 


eleffans  ( Traq. ) 

Tramu 
horrida  ( Traq. ) 


Lanarkia  {Tracmair) 


spinoea  ( Traq. ) 
spinulosa  ( Traq, )  ... 

LasaniuB  ( Traquair) 

,,        problematicus  (Trotg.) 

Thelodus  {Agassiz) 

planus  {Traq.) 
scoticus  ( Traq, ) 


ft 

ft 


Incert^  Sedis. 
Diotyocaris  {Salter) 

,,  Ramsayi  {Salt,)... 

,,  Slimoni  {Salt.)   ... 

1 1  SOa  •  ■  •  a  ■  « 

Crossochorda  (Schimper) 

f  •  SL/«  b  ■   b  «   •  t 


X 
X 


X 
(?) 


X 

X 


(?) 

X 


X 
X 


OiM-inch  Mapt. 


X 
X 

14,  15. 

5,  10,  11,  17. 

24. 

14. 

X 
X 

X 
X 
X 

X 

X 

8. 

8. 

23. 

5. 

5,8. 

15,23. 

8. 

7. 

7. 

14,  15,  32. 

X 

X 

(?) 

X 

10. 

8,  14,  24. 

5,  8,  14. 

15. 

32. 

X 

5,  8,  14,  32. 

X 

X 
X 

6. 

14(?). 

/  2,  5,  7,  8,  9, 10, 11, 14, 
\    15.17,18,23,24,32. 

^' 

15,  23,  32. 

X 

15,  23,  32. 

X 
X 
X 

16,23. 
15,23. 
15,23. 

X 

15,  23,  32. 

X 

23. 
15,23. 

X 

1 
X 
X 

X     1 

1 

11,  24,  32. 

23. 

5,  8,  10,  17f  23,  25,  32. 

X 

25. 
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• 

ow. 

! 

i 

e 

tS 

C 

"0 

be       :S 

5 

$ 

3 

••7 

e 
< 

« 

I 

1 

1 

"3 

! 
1 

I 

$ 

One-inch  Ifape. 

• 

iNCKRTiE  Sedis— co7i/tnued. 

Crossopodia  {M*Coy) 

r 

,,          scotica      (M'Coy) 

X 

16,  17,  25. 

y  •                         Z9Ua                            •  •  •                     ■  •  • 

X 

26. 

Dexolites  {Hopkinson) 

,,        gracilis  (^opjb.)     ... 

X 

16,  26. 

^1                  oil*         ■■•                  •*•                  ■>■ 

X 

25. 

Eione  {TcUt) 

1 

J 1          OU«                     ••■                 •••                 ••• 

1 

X 

17. 

Myrianites  {M^Leay) 

„          tenuis  (JbT* Coy)   ... 

X 

16,  24,  25,  33,  34. 

Nemertites  {M^Leay) 

m  •                              O^/a   ••!                            •••                           ••■ 

X 

8,  24,  33. 

Nereites  (M^Leay)                       \ 

„        cambrensis  (Murch.)    i 

X 

8. 

Protovirgularia  {M*Coy)             ' 

,,              dichotoma 

(3/*(7oy)  ...     ; 

X 

10,  17,  25. 

,,              Harknessi 

(Lapic.)  ... 

X 

5,  10,  25. 

M              sp 

X 

4. 

Various  tracks 

X 

5,  10,  17,  25,  33. 

Branching  tracks        

X 

25. 

FucoidsC?)        

X 

25. 
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No.   3. — List  op  Fossils  Pbepabed  by  Mrs.  Gray  from  the  Oollbction 

MADE  BY    HER  FROM  THE   SiLURTAN  RoCKS  OF  THE  GlRVAX  DISTRICT 

OP  THE  South  op  Scotland. 


• 

■ 

1 

1 

0     c- ,  b 

cj    1     cj         oS 

ove 
love 

> 

o 

s 

§ 

1 

o 

91 

c 

• 

1 

• 

5" 

1 

Lower 
Lland 

1^ 

s 

J 

MlBCBLLAinBOUS. 

Chondrites  sp 

Girvanella  problematica  (i^.  and 
E.) 

Nidulites  favu0  (Salter)  .. 

Ischadites  Konigi  (Murch.) 

„         antiquus  (Salter) 


\ 


«    X 


sp. 


Saccammina  Oarteri  (Brady)    . . 
Clathrodictyon  veaiculosum  (N. 
and  Murie)  .. 

ACTINOZOA. 

Caloet^lis  Lindstromi  (N.  ds  E.^ 
Favosites  girvanensis  (A''.  <k  E.) 

f ,         mullochensis  (N.  4tE.)< 

Fistulipora  favosa (N.  and  E.).. 
„         pilula  (i^.  and  E.)  . 


(     X 


Halysites  catenularia  (Linn.) 


I 


II 
II 


sp. 
sp. 


HelioUtes  Orayi  (M.  Edw.  &  U.) 
,t        interstincta 


(Linn.) . .  < 


II 
II 


foliacea (iV.  and  E.).. 
parasitica  (N.  and  E.) 


Labechia  canadensis  (N.  <fir  Murie) 
Lindstromia  subduphcata  / 

(M'Coy)         . .  \ 
VCo] 


Lyopora  favosa  sp.  (M'Coy) 
Monticulipora  eirvanensisC 
Pinacopora  Andersoni  (N.  <k  E.) 

„  Giayi  (N.  and  E. 


.)..| 


Propora  Edwards!  (X.  and  E.)  .. 
Prasopora  Grayo  (H.  and  E.).. 
Plasmopora  girvanensis  (N.  and  J 
E.)       . .        "\ 
Streptelasma  craigense  (M'Coy) 
II  aggregatum      (If. 

atid  E.) 
EuropaBum  (R6m.) 
aaquisulcatum 
(M'Coy) 

Tetradium  Peachi  (N.  atui  E.) 
ThecoBtegites  scoticus  (N.  and    | 
E.)       . .        •  •     I 


II 
II 


X 
X 


X 
X 


X 


X 


X 
X 


X 
X 


X 

X 
X 


X 

X 


X 
X 


X 
X 


PenkiU. 

Tramitchell. 
MuUoch  Hill. 
Newlands. 
Balclatchie. 
PenkiU. 

Woodland  Point 
Newlands. 
Craighead. 

Woodland  Point. 


PenkiU. 

Craighead. 

MuUoch  mU. 

Woodland  Point 

Balclatchie  Conglomerate. 

Craighead. 

PenkiU. 

Woodland  Point,  ShaUoch  Forg«,  New- 
lands. 

MuUoch  HUl,  Rough  Neuk. 

Starfish  Bed. 

ShaUoch  MiU. 

Craighead. 

ShaUoch  MiU. 

Woodland  Point 

Craighead. 

MuUoch  HUl,  Bough  Neuk. 

Woodland  Point. 

PenkiU. 

Woodland  Point 

MuUoch  HiU,  Rough  Neuk,  Craigens 
Quarry. 

Aldons. 

MuUoch  nm. 

Craighead. 

Craighead. 

Craighead. 

Woodland  Point 

MuUoch  Hill,  Rough  Neuk,  Craigens 

Quarry. 
Newlands. 
Craighead. 
Craighead. 
Woodland  Point 
Penkm. 
Craighead. 

Craighead. 
Craighead. 

MuUoch  HUl,  Rough  Neuk. 
Craighead. 

Craighead. 
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I 

;  i 

I  ^ 

I    o 

>  c 


> 
o 

c 

«8 


o 


^ 

§ 


:§ 


p  '  a 


S 

9 


0) 

I 


ECHINODBRMATA. 

Tetraster  Wyv.  -Thomson!  {E.and 
N,) 

Paleaster  sp.         

Crikoidka. 
Qlyptocrinus  


sp. 
gp. 

8p. 

sp. 
sp. 
sp. 
sp. 
Myelodactylus  ? 


»» 
>t 
»» 
»t 
»» 


Ctstoidsa. 
Pleurocystites  sp 

s  y  O^M»  •   •  •    •  ■    • 

ANNELIDA. 
Serpulites  longissimus  (Murch.) 

? 
Tentaculites  omatus  {Sow.) 
sp. 


i> 


anglicus  (Salter) 


{ 


Comulites  sp 

Nereites  cambrensis  (Mureh.)  . . 
Hyrianites  tenuis  (M^Coy) 

y  y  S^^a  •  • 

Crossopodia  scotica  (M'Coy)    . . 

y  y  DE^» 

Nemertites  sp. 

Eione?         

Olnencites  sp.  Qa.vni  of)  . . 

Htdrozda. 
ClimacograptiiiB  nonnalis  (Lapip.) 
„  scalaris 

(Hisinger) 
UcomisiHall).. 
tubuliferus  f 

(Lapw.)         . .  \ 
,,  Scbarenbergi 

^Lapw.) 
Oryptogn^ptns  tricomis  (Carr,) 


moffaten8i8(Z>apv7. ) 
Dicranofi^ptus  tardiusculus 
{Lafnff.) 
ft  ramosus    (Hall) 

Dimorphograptus  sf) 

Diplograptus  tamariscus  (Nich.) 
biillatus  (Salter) . . 
quadrimucronatus 

(Halt)  . . 
vesiculosuB  (Nich,) 

modestuB  (I»ain«.)| 


II 


II 


II 
•I 


truncatus  (Lapw. 


rugoaus  (Emm.)  . . 
sp.    . . 


•'{ 


foUaceons  (Murdi 


i 


X 
X 


X 
X 
X 
X 
X 
X 
X 


X 
X 


X 
X 


(0 


(f) 


X 

X 


X 
X 


X    1 


X 


X 
X 


X 


X 
X 


X 
X 


X 
X 


Starfish  Bed,  Thraive. 
Starfish  Bed. 
Dow  Hill. 


MuUoch  Hill,  Rough  Neuk,  Grinoid 

Bed,  High  Road. 
Craighead. 

Craighead.  • 

Starilsh  Bed. 

Balclatchie,  Ardmlllan,  Dow  Hill. 
Shalloch  Mill. 

Woodland  Point,  Newlands. 
Penkill,  Bargany  Pond  Bum. 
Penldll. 


Starfish  Bed. 
Starfish  Bed. 


Thraive  Glen. 
Whitehouse  Bay. 
Woodland  Point. 
Dow  Hill. 
ShaUoch  Mill. 
MuUoch  HiU,  Rough  Neuk. 
Woodland  Point,  Newlands. 
Camregan  Wood. 
Craighead. 
Penwhapple  Glen. 
Penwhapple  Glen. 
Penwhapple  Glen. 
Penwhapple  Glen. 
Penwhapple  Glen. 
Penwhapple  Glen. 
Penwhapple  Glen. 
Balclatctue. 


Woodland  Point. 

Penwhapnle  Glen,  Waterfall 

Craigheaa. 

Waterfall,  Penwhapple  Glen. 

Myoch  Bum,  Shalloch. 

Craighead,  Balclatchie  Conglomerate, 

Craighead. 

Penwhapple  Glen. 

Whitehouse  Bay,  Myoch  Bum. 

Thraive  Glen. 

Ardmillan. 

Balclatchie,  Ardmillan. 
Craighead. 
Whitehouse  Bay. 
Shalloch  Forge. 
ShaUoch  Forge. 

Whitehouse  Bay. 
Woodland  Point. 
Whitehouse  Bay,  ShaUoch  MUL 
Woodland  Point. 
Whitehouse  Bay,  Myoch  Bum. 
Thraive  Glen. 
Ardwell. 

ArdweU,  Craighead,  Balclatchie. 
Starfish  Bed. 

Letterpin,  Craighead ;  Waterfall,  Pen- 
whapple. 
Myoch  Bum. 
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UvDROZOA— ^lUmtuyf. 
Diplofi^ptuB  sp 

„  socialis  f  La  inc.)  .. 

Mon<HSTftptufl  galoenns  (Lapw.) 
Hi8infferi(-  art.).. 
spiraliB  (Gein.) 
concinnus  (Lamp.) 
exiguus  (Nieh^  . . 
reveraus  {Kurek.) 
tenuis  (Portl.) 
ffregariiu  (Lapw.) 
leptotheca  (Laptc.) 
colonug(^f7.)  .. 
uriodon  (Brotm.). . 
Sedjp^icki  (M^Cny) 

Ptilo|rraptU8  sp 

Rastntee  pere^nus  (Barr.) 

Retiolites  geinitzanti8  (Barr.)  . . 

Nematolites  Grayi  (Laptp.) 


It 
i» 
•• 
t» 
>i 
»f 
»i 
»» 
•* 
•• 
»» 


f> 


Leptograptus  flaccidus  (Lapw.) 
Dictyonema  delicatulum  (Lapw. ) 

Trilobita. 
Acidaflpis  hystrix  (Wj/v.-Thom.) 
lalage  (wyv.-Tihom.) 
OrayaB  (R.  Eth.,jnr.) 
Brighti  (Mureh.) 

sp 

bispinosa  (M*Coy)    . . 
sp. 
Agnostus  ag^ostiformis  (M*Coy) 

„       pemigatuB  (Barr.) 
Ampyx  Macalluini  (Salter) 
Homei  (E.  attd  A'.) 


•I 
«> 
»i 
It 
II 
ti 


II 


I.        8p 

„      rostratus  (Sar^)  .. 

Asaphiis  gigas  (Dekay)    .. 

„       marg^natus  (PorU.)    . . 
Roheniilla  sp 

BronteuB  Andersoni  (N.  and  E.)l 

Bronteopsis  scotica  (Salter) 


Cal>inene  BluinenbachiCBrtm^.)- 


Cheirurus  bimucronatus 
(Mureh.) 


,,         sp 

„  tritipinosus  (Vouim).  . 

„  SedgMicki  (Af' Coy)  .. 

„  gelasinoeus  (Porttoek) 

„  clavifrons  (Dalm.)    . 
Gybele  rugosa  (Portloek). . 

„  verrucosa  (Dalm.) 

Oyelopyge  redlviva  (Barr.) 

„         armata  (Barr.) 
Deiphon  Forbesi  (Barr.) 
Dionide  Lapworthi  (E.  and  N.) 

II       sp-  

II       sp.  


X 
X 
X 
X 
X 


X 
X 
X 

X 
X 


X 


> 


I  ^ 


s  a  I J 


I:   I 

:3    an 


2 

I 


I      I 


o 


■    X 


X 


X 

X 


I    X 


X 
X 
X 

X 
X 


0) 

c 


X 
X 

X 


X 
X 


X 

X 

X 
X 


Craighead,  Pinmore. 
Munoch  HUl,  Rough  Neuk. 
Dow  Hill,  ArdxniUan. 
Whitehouse  Bay. 
Penkill,  Penwhappte  Olen. 
Penkill,  Penwhapple. 
PenkiU,  Penwhai^e. 
Penwhapple  Olen. 
Penwhapple  Olen. 
Whitehouse  Bay. 
Woodland  Point. 
Woodland  Point. 
Woodland  Point 
Penwhapple  Olen. 
Penwhapple  Olen. 
Penwhapple  Olen. 
Mulloch  Hill,  Ptilograptus  Bed. 
Penwhapple  Olen. 
Penwhapple  Olen. 
Shalloch  MUl. 
Woodland  Point. 
Waterfall,  Penwhapple  Olen. 
ShaUoch  Forge. 


Baldatchie. 

Baldatchie. 

Balclatchie. 

Woodland  Point. 

Mulloch  Hill,  Rough  Neuk. 

PenkiU. 

Newlands. 

Balclatchie,  Ardmillan,  Dow  Hill. 

Whitehouse  Bay. 

Balclatchie,  Dow  HilL 

Balclatchie,     Dow    Hill,    Ardniillan, 

Craighead. 
Whitehouse  Bav. 

Benan  Bum,  BaJclatchieCon^omerate 
Drummock,     Starfish    Bed,    Thraive 

Olen. 
Dow     mil,    Balclatchie.    Ardmillan. 

Minuntion. 
Starfish  Bed. 
Whitehouse  Bay. 
Penkill,  Bargany  Pond  Bum. 
Woodland  Point,  Newlands. 
Balclatchie,  Ardmillan. 
Penkill,  Ouddj'stone  Olen. 
Woodland  Point,  Newlands. 
Mulloch  Hill,  aU  the  Quarries. 
Shalloch  Mill. 

Thraive  Glen,  Starfish  Bed. 
Craighead. 

Baipmy  Pond  Bum,  PenwhunpleOlen. 
Woodland  Point. 
Thiaive  Olen. 
Craighead,     Minuntion,     Balclatchie 

Oonf^lomerate. 
Baldatchie,  ArdmDlan. 
Penkill. 
Balclatchie. 
Balclatchie. 
Thraive  Olen. 
Thraive  Olen. 

Ardmillan,  Balclatchie,  Dow  Hill. 
Shalloch  MUl. 
Whitehouse  Bay. 
Whitehouse  Bay. 
Baldatchie. 
Whitehouse  Bay. 
Whitehouse  Bay. 
Thraive  Olen. 
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s? 

1 

• 

r 

3 

i 

Bala, 
ello. 

•o 

•o 

01 

.     ■  -es 

« 

• 

4 

1 

Lowei 
Llan 

D 

» 

1^ 

TKihOWtk—eontinued. 

Dindyinene  Cordai  (E.  and  N.).A 

>»         8P 

Encriauros  punctatUB,  var.  cal-j 
careua  (Salter)  I 

EncrinuruB  punctatus,  var.  are- , 
naceos  (Salt.)   j 

Uarpea  sp.    . . 

lUflBnus  Bowmani  (SalUr) 


if 


neidils  (Salter)  .. 

(Biinuuitiis)  banieniiis 
(Mureh.) 

sp 

up.  . . 


•{ 


Thomsoni  (SalUr) 


■I 


Murchisoni  (.Satter) 
lomuluB  (S€Utet') .. 
Rosenbergi    (Eichicald) 
Liehaa  hibemicus  (Portlock) 

Geikiei  (E.  and  N.) 

laxatus  (M'Coy)  ? 

palmatuB  (Barr.)  1 

„     ainbiguuB  (Barr.) 
,.     Qnyi  (Fletcher)    .. 

ly         9a^« 

1 1  ciLV*  ••  ••  •• 

Phacope  Brongniarti  (Port/odb). . 


/ 
I 


Phacops  Stokesi  (M.  Edw.) 


{ 
J 
i 
{ 


„        Downiii^ie  (Mureh.)  . . 

Proetus  girvanensis  (B.  and  N.) 
„      procerus  (E.  and  N.)    .. 

1 1  BK'«  •  •  •  • 

PhUlipsia  fMiraboIa  (Barr^) 
Staurocephalui  \\mcu»  (Portlodt)  I 

globiceps  (Wyv.- 
Thorn.)  ^ 

sp. 


II 


II 


Sphserexochus  minis  (Beyrieh). 

Stygina  latifrons  (Portlock) 

Tnnucleus  ooncentricus  (Eaton) 

Macconochiei  (E.  AN.) 

seticomis   His.,   var. 

Bucklandi(J3ttiT.) 

•I        op 

OSTRACODA. 

Aparchites  leperditioides  (Jonsn) 

.,         BUDOvatus  (Jones)  . . 

Primitia  elongata  (KrattM)  var. 

nuda  (Jones). . 


X 

X 


X 
X 
X 


X 


X    I 

X 


X 
X 


X 
X 


X 
X 


X 
X 


X 

X 


X 
X 


X 
X 
X 
X 


Drummuck,  Thraive. 

Whitehouse  Bay. 

Auchenaoul. 

PenkiU. 

Woodland  Point. 

Penkill,  Barsany  Pond   Bum,  Catn- 

regan  wood. 
Woodujid  Point,  Newlands. 
MuUoch  HiU,  Rough  Neuk,  High  Road. 
Craighead. 

Balclatcbie,  Ardmillan,  Aldons. 
Bargany  Pond  Bum. 
Balclatchie,     Ardmillan,     Craighead, 

Minuntion. 
Drummudc. 
Penkill,  Bargany  Pond  Bum. 

Woodland  Point. 

Camregan  Wood. 

Shalloch  Mill 

MuUoch  Hill,  Rough  Xeuk,  Craigens 
Quarry. 

Woodland  Point. 

Penkill. 

Penkill. 

PenkiU. 

Balclatchie,  Craighead. 

Thraive  Qlen. 

ThnUve  Olen. 

MuUoch  HUl,  Rough  Neuk. 

MuUoch  HUl,  Rough  Neuk,  Craigens 
Quarry. 

Newhuids. 

Balclatchie. 

Dow  HUl. 

Camregan  Wood. 

Woodland  Point 

Ardmillan,  Dow  HiU,  Minuntion,  Bal- 
clatchie. 

Starfish  Bed. 

MuUoch  HiU,  all  the  Quarries. 

Newlands. 

PenkiU,  Bargany  Pond  Bum,  Cam- 
regan Wood. 

Woodland  Point 

MuUoch  HUl,  Rough  Neuk. 

Thraive  Glen. 

Thnive  Olen. 

MuUoch  HUl,  High  Road. 

Camregan  Wood. 

Thraive  Glen,  Starfish  Bed. 

Balclatchie,  Dow  HiU. 

MuUoch  HUl,  Rough  Neuk. 

Balclatchie.  Dow  HUl,  Ardmillan. 

ShaUoch  MUl. 

Thraive  Glen,  Starfish  Bed. 

Woodland  Point,  Newlands. 

Bargany  Pond  JSum. 

Craighead,  Balclatchie  conglomerate. 

ArdmUlan. 

Dow  HUl. 

Balclatchie. 

Drammuck,  Thraive,  Starfish  Bed. 
Whitehouse  Bav. 
Shalloch  MUl. 
Craighead. 


Whitehouse  Ba}'. 
Whitehouse  Bay. 

Whitehouse  Bay. 
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OmrBAOODA— continued. 

PrimitiA  Kratuei  ( Jone«) 

nrvanensis  (Jonu) 
QvAyto  (JoTtes)  .. 
mundula,  var.  fimbriata 

{Jwiett) 
mundula,    var.    kloede 
niana(«/one«). 
ulrichiana  {Jones) 
barrandiana  (Jones)    . 
Beyrichia  Kloodeni  {M'Coy) 

„  „       var.     infecta 

{Jones) 

„  „        var.     Scotica 

(Jones  A  HoU.) 

impar  («/ ofM!«)  .. 

comma  {Jones) . . 

Ulrichia  girvanenais  {Jones) 

„        Grayn  {Jones)  . . 
Sulcuna  prKurrens  {Jones) 
Cypridina  Oraym  {Jones) 
Oythere  aldensis  (M'Coy) 
„  „        var.  major 

{Jones) 
grayana  (Jones) 
wriffhtiana  (Jones  and 
UoU)    .. 

DL..  •  * 


If 


»f 


f» 


PHTLLOFODA  AXD  ClRRSPSDU. 

Pinnocaris  Lapworthi 

(Eth.Jun.) 

Turri'lepas  Peachi  (E.  and  N.) 

Bcotica  (E.  ayid  N.) 
sp 


»f 


i> 

•« 

»» 
>• 
>f 
»» 


POLTZOA. 

Fenestella  amimilifl  (Lonsd.) 

„         patula  (M^Coy) 

Milleri  (Lonsd.) 
subantiqua 

CiyOrbigny) 

w9\9t  ■  •  •   •  ■    • 

Bm«  «  ■ 

sp. 
Glauconome  disticha  (Ooldf. )    . . 
Gorgonia  regularig  (Port I.) 
Hip))othoa  inflata  (mch.) 
Rhinopoia  verrucosa  (Hail) 

Retepora  sp.  -j 

Ptilodictya  coatellata  (M'Coy)  . . 

„         dichotoma  (Portl.) 

^f  B|J*  •  •  •  •  •  • 

.,        lanceolata  (G^o^/l)  .. 

Brachiopoda. 
IJnguIa  canadensis  (BvUings)   . . 

„       quadrata  (Eichteald)    . .  | 

Bamsayi  (Salter) 
granulata  (PhUlips) 


»» 


If 


attenuata  (Sow.) 


{ 


>: 


X 
X 


X 
X 


X 
X 


X 
X 
X 
X 


1    X 

X 

I 


X 
X 

X 


X 
X 


X    1 


X 
X 

X 

X 


X 
X 

X 

X 


X   ; 


X 
X 
X 


Whitehouse  Bay. 
Whitehouse  Bay. 
Whitehouse  Bay. 

Whitehouse  Bay. 

Whitehouse  Bay. 

Whitehouse  Bay. 

Aldons. 

Thraive  61en»  Whitehouse  Bay. 

Whitehouse  Bay. 

Bar^any  Pond  Bum. 
Whitehouse  Bay. 
Thraive  Glen. 
Whitehouse  Bay. 
Whitehouse  Bay. 
Barp;any  Pond  Bum. 
Whitehouse  Bay. 
Whitehouse  Bay. 
Aldons. 

Aldons. 
Aldons. 

Aldona 

Newlands. 

Auchensoul. 


Balclatchie,  Ardmillan. 

Drummock,  Starflah  Bed. 

Whitehouse  Bay. 

Thraive  Glen. 

Balclatchie,  Dow  Hill,  Ardmillan. 

Newlands. 


Woodland  Point. 

Penkill. 

Woodland  Point 

Woodland  Point 

PenkiU. 

Woodland  Point 

MuUoch  Hill,  Rough  Neuk. 

MuUoch  Hill,  High  Road. 

Newlands. 

Shalloch  UiU. 

Woodland  Point 

Woodland  Point 

Woodland  Point 

Woodland  Point 

Balclatchie. 

MuUoch  Hill,  Rough  Neuk. 

MuUoch  Hill,  Rough  Neuk. 

Balclatchie,    Dow    HiU,    Ardmillan, 

Craighead. 
Woodland  Point 
PenkiU,  Bargany  Pond  Bum. 
DowHUl. 
Woodland  Point 


Balclatchie  conglomerate. 

Shalloch  MUL 

Craighead. 

Craighead,  Balclatchie,  Minuntion. 

Ardmillan,  Balclatchie,  Minuntion. 

Drummuck. 

Shalloch  MiU,  Whitehouse  Bay. 

Balclatchie,  Ardmillan,  Dow  Hill. 


Appendix. 


691 


• 

2? 

i 

1 
ej    1    d 

v 
g 

> 

o 

i'l 

•c 

■o 

•o 

I     «u 

s 

B 

».   1  Si 

3 

Z2 

3 

I'l 

• 

• 

4 

D      99 

u 

ls% 

H« 

•3      o 

-     i^    I 

S   3  .- 


i_i 


Bracuiopoda— eOHftAU^. 

Lingula  ovata  (M*Coy)    . . 

„       brevis  (Portlock) 

„       Symondsi  (5a/(er) 

rHnobohis  Davidfloni  (SaUer)    . 

Orbiculoidea  Forbesi  (Dav,) 

Discina  oblongata  (Portl,) 

„      pemigata  {M^Cotf)       . .  | 

„      craaaa  (J7a/0  ?    .. 
.,      rugata  (/Sour.) 

Paterula  balcletchieneis  (Z)r(i'.)| 

Siphonotreta  scotica  (J>av.) 
„  micula  M'Coy) 

Acrothele  granulata  ( Lin nr.) 

Orania  siluriana  (Dae.)    . .        . .  - 


„  llandoveriana  {Dav.) 

„  »P 

,.  8p 

II  8p 


( 
■{ 


Pholidops  implicata  {Smc.) 

Acrotreta  Nicholsoni  {Daw.) 

y    costaia  {Dav,) 
Spirifera  plicatella,  var.  radiata 

{Sow,)  .. 
C jTtia  exporrecta  (  Wdhl. ) 


Nucleoepfra  pimitn  {Sow.) 
MeriHtella  (Whitfleldia)   tumida 
{Dalm.) 


angustifronB  {M*Cny) 


AthjTis  sp 

Olawia  obovata  {Sow.) 
Merista  cymbula  {Da v.)  . . 

Atrypa  rettcularia  (Linn.) 

.,      imbricata  {Sow.)  . . 

„     scotica  (Jf'Coy)?.. 
Triplefiia  Orayte  {Dav.)    . . 


i 


{ 


spiriferoldcs  {M'Coy)  . .  i 


I* 


monilifera  (Jl'Coy)    . 
incerta  (Ztev.)  .. 


II       wp.  . .        . , 

Porambonites  intercedena 
{Pander) 

I^eptocoelia  hemispherica  {Sow.) 

PenCamerus  oblonguB  {Sow.) 
„  globoflos  {So%e.) 

undatufl  {Sow.) 


>: 


X 
X 
X 


X    ' 
X    i 


X 


X 
X 


!    X 


X 
X 
X 


X     ] 
X 


X 


1 


II 
II 


galeatus  {So^c.) 
rotundus  {Sow.) 


X 
X 


X 
X 
X 


X 

X 


X 
X 


X 
X 
X 


X 
X 


X 
X 


Oraighead. 

Drummuck. 

MuUoch  Hill,  Roiigb  Neuk. 

Ardmillan. 

ShiOloeh  Mill.  Whitebouie  Bay. 

Penkill,  Bargany  Pond  Burn. 

Woodland  Point 

Mulloch  Hill,  Bough  Neuk. 

Woodland  Point. 

Mulloch  Hill,  Rough  Neuk. 

Woodland  Point 

Balclatchie,  Ardmillan,  Dow  Hill. 

Balclatchie,  Ardmillan,  Craighead. 

ShaUoch  MUl. 

Penwbapple  Olen. 

Bai^any  Pond  Bum. 

Balclatchie. 

Starflsh  Bed,  Thraive. 

Craighead,  Minuntion,  Starfish  Bed. 

Balclatchie,  Ardmillan. 

Dow  Hill. 

Woodland  Point 

Mulloch    Hill,    Rough    Neuk,    High 

Road  Quarries. 
Newlands. 

Starfish  Bed,  Thraive. 
Ardmillan,  Craighead. 
Mulloch   Hill,    Bough    Neuk,     High 

Road  Quarries. 
PenkiU. 
\  Woodland  Point,  Newlands. 
Shalloch  Mill 
Bargany  Pond  Bum. 
Craighead,  Balclatchie,  Ardmillan. 
Balclatchie. 

Bargany  Pond  Bum,  Penkill. 

Penkill. 

Bargany  Pond  Bum. 

Bargany  Pond  Bum. 

Mulloch  Hill,  Rough  Neuk,  High  Road. 

Auldthoms. 

Whitehouse  Bay. 

PenkiU. 

Thraive,  Drommuck. 

Penkill,  Penkill  Limestone,  Pen- 
wbapple Olen. 

Woodland  Point 

Mulloch  Hill,  Rough  Neuk,  High  Road. 

Penkill,  Bargany  Pond  Bum. 

Woodland  Point 

Mulloch  Hill. 

Craighead. 

Starfish  Bed,  Thraive  Glen. 

Ardmillan. 

Woodland  Point 

Penkill,  Bargany  Pond  Bum,  Cuddy- 
stone  Olen. 

Craighead. 

ShaUoch  MUl. 

Camregan  Wood. 

Auldthoms. 

Mulloch  Hill,  Rough  Neuk,  High  Road. 

Penkill,  Cuddystone  Olen. 

Newlandfl. 

Penkill. 

Woodland   Point,    Newlands,    PtUo* 

naptuB  Bed,  Craigens  Quan?'. 
PenkiU,  Cuddystone  Glen. 
Penkill 
PenkiU,  PenkiU  Beds,  Pen whapple Glen. 
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Brachiopoda— oonfiniiAf. 

PentameniB  thAllocklensis 

(Dor.)? 
Stricklandinia  lens  (.Soir.) 

„  lirata  (Sow.) 

„  balcletrhiensiM 

{Dav.) .. 
Rhyiichonella  asmula  (Salter)    . . 
Salter!  (i)or.) 
nasiita  {if'Cojf) 
Thomsoni  {Da v.)  . . 
portlockiana  {Dav.) 
Lapworthi  (Dav.)  .. 
8uh-t)orea1iM    (Dav.) 


•* 


} 
\ 


mne&tSL  (Daim.) 

cuneata,    var.   ard- 
nii]lanenHi8(/>AP.) 
cuneatella  (Dav.)  . . 
Peachi(l>ar.) 
\yetk\en  (Salter)   .. 
llandoveriana  (Dav.) 
nucu\ii  (Smc.) "( 
shallookienMis  (Dav.) 
9Cotica(Dar.) 
idn'anensiM    (Dar.) 
WiUoni  (Sow?) 
fialclatchiensis 

(Dav.) 
deoemplicata  (Stno.) 

8p 

sp. 

ti  sp 

Skenidium  Lewiaii,    var.  wood- 
IandensiB(Z>ftt).) 
Grayi  (Dav.). . 
Bhaliockiensig  (Dav.) 


It 
>i 
i» 
•I 

ft 
»« 


f* 


Orthis  bilo1)a  (Linn.) 


polygramnia,    var.    p 
landica  (D 


) 
\ 


ent-/ 


turgida(J/'Cov)    . 

Bouchardi,  var.  balclatchi- 
ennis  (Dav.)  .. 
hiton,Ui(Sehlot}i)  .. 


I* 


>• 


calligramma  (Dalm.) 

„  var.  scotica 

(Dav.) 

var.  virf^ata 
(ScUter)     . 

var.  plicatA 
(Soir.) 

muUockenais  (Dav.) 

eonflnia  (Salter)    . . 

veapertillio  (Sow.). . 

sirvanensis  (Dav.) 
interoostata  (Port/.) 

Lapworthi  (Dav.) . . 
tMtudlnuia  (Dal.) 


J 


( 


> 
o 
•e 

s 


§  i 

3  I 


I 


1 


I   U3 


•-'1(3 


I  < 


I    X 


X 

X 

I     X 


X 
X 


X 
X 

X 
X 
X 
X 
X 

< 


X 
X 

X 
\ 


X 
X 


X 
X 


X 
X 


X 
X 


X 

X 


SbaUoch  Mill. 

Woodland  Point,  Newlanda.  Mulloch 

Hill,  Rouffh  Nenk. 
Woodland  Point. 

Balclatcbie  cons^lomerate. 

Craighead. 

Craighead. 

Craighead,  Baldatchie,  Minuntion. 

Craighead. 

Craighead,  Baldatchie. 

Craighead. 

Craighead. 

Mulloch  Hill,  Rough  Neuk,  High  Road. 

Auldthoma. 

Caniregan  Wood. 

ArdmilliA. 

Baldatchie  conglomerate. 
Craighead. 
Craighead. 
Cainregan  Wood. 
Baldatchie  conglomerate. 
Shalloch  Mill. 
Craighead. 

Balclatchie  conglomerate. 
Camregan  Wood. 
I 

Baldatchie,  Craighead,  Minuntion. 
Mulloch  HiU. 

Craiehead,  Balclatchie  conitlomerete. 
Newlands. 
I  I)ow  HiU,  Aitlmillan. 
Starfish  Bed,  Thraive  Glen. 

Woodland  Point. 

Starflah  Bed,  Thraive  Olen. 

ShaUoch  Mill. 

Shalloch  Mill. 

Woodland  PoinL 

Bargany  Pond  Burn. 

Penkill. 

Woodland  Point. 

Penkill  Limestone,  Penwhapple  Olen. 

Craighead,  Baldatchie  conglomerate. 

>  Craighead,  Balclatchie  conglomerate. 

I  Craighead. 

I  PenMll  Limestone,  Penwhapple  Oleo. 

I  Shalloch  MiU. 

'  Craighead,  Aldons,  Tramitchell. 

I  Ardmillan,  Minuntion. 

'  Shalloch  Forge. 


X   1  Craighead. 


1  X 

I  X 

X 
X  , 

X 
X 

X 

I 


Baldatchie  Beds,  Doulm. 
Baldatchie  Beds,  Ardmillan. 
Woodland  Plint 

Mulloch  HiU,  Rough  Neuk,  Hif  h  Roid 
Auldthoms,  Starfish  Bed,  Thraive  Glen. 
Minuntion,    Benan    Bum,     DouUr|r, 

TramitcheU. 
Craighead. 
Shalloch  MiU. 
Craighead. 
Aldons. 
Shalloch  MUL 
Balclatchie  conglomerate. 
ShaUoch  MiU. 

Craighead,    Balclatchie,    Dow    BiU. 
Ardmillan. 
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Braciuopoda— oonCinuMf. 

Orthia  flabellulum  (Sow.) 

„      crispa  {M*Coy) 

„      kilbuchoeiisis  (Air.) 
„      sagittifera  (M^Coy) 

„     Mwerbyana  (Dav.) 


elegantula  (Dal.) 


■■{ 
•■{ 


l 


i» 


nina(Dav.). . 
nistina  (Sow.) 


I 


li 
„      var.  rigida  (Dav.)  i  | 

Actonin  (Sow.)  . .     ' 

reverea  (Saltrr) 
proteiiaa  (Sow.) 

Rankini  (Dav.)  . .  | : 

CariMm  (Salter)  ..        ..     \ 

0\9m  •   •  •    • 

BaJ*  •  •  I  • 

sp. 
Strbphouiena  Walnistedti  (T<tfuf«.) 


X 
X 


r,  X 


Strophoinena  rhoin)tx>idalM 
(TTi/db.) 


applanata    (Salter) 
pectan  (lAnn.) 
antiquata  (Sow.) 


n 

>l 
It 


I, 

I 

{ 

imbrex,  var.  semi- 
globoflina  (Dav.) 

compressa  (Sow.). .  | 

sinmlans  (M'Coy). . 

inaculpto  (£fa/0  •• 
Ilandetloensis  (/Vip.) 


> 
o 


lu 

2 


0) 

I 


{' 


It 
It 


deitoidea  (Conrad. ) 
retroflexa    (Salter) 

oorrugatella  (Dav.)- 
expania  (Sow.) 


I^randis  (Sow.) 
arenaoea  (Salter) . .  | 


•X 

X 


X 


X 
X 


X    1 


X 
X 


X 

X 
X 

X 
X 


starfish  Bed,  Thraive  Glen. 

Graiirhead,  Ardmillan. 

Starfish  Bed. 

Ardmillan. 

Ardmillan. 

MuUoch  Hill,  Rougrh  Neuk. 

Starfish  Bed. 

Shalloch  MUl. 

Craighead,  Balclatchie  conglomerate. 

Penkill,  Bargany  Pond  Bum. 

Newlands,  Woodland  Point. 

Mulloch    Hill,    Rough    Neuk.    Ptilo- 

gpraptusBed. 
Thraive  Cilen. 
Shalloch  Mill. 
Craighead,  Balclatchie. 
Whitehouse  Bay. 
Mulloch  Hill,  Rough  Neuk,   and   in 

Wood. 
Cuddystone  Olen,  Penkill  Beds,  Pen- 

whapple  Qlen. 
Woodland  Point 
Penkill  Beds,  Penwhapple  Glen. 
Starfish  Bed. 

Penkill  Beds,  Penwhapple  Olen. 
Beuan  Crag. 
Starfish  Bed. 
Ardmillan. 
Ardmillan. 
Shalloch  MiU. 
Balclatchie  Beds. 
Ardmillan. 
I  Starfish  Bed. 
1  Cuddvstone  Olen. 
I  Penkill,  Penwhapple  Qlen. 
I  Newlands,  Woodland  Point. 
;  Mulloch  Hill,  Rough  Neuk,  Craigens, 

Ptilograptus  Bed. 
'  Starfish    Bed,    Thraive    Glen,    Auld- 

thoms. 
'  Shalloch  Mill. 
Craighead. 

Penkill,  Bargany  Pond  Bum,  Cuddy- 
stone  Glen. 
Newlands. 

Newlands,  Woodland  Point. 
Bargany  Pond  Bum,  Penkill. 
Woodland  Point. 
Mulloch  HiU,  Bough  Neuk. 


Craighead,  Balclatchie  conglomerate. 
Camregan  Wood. 
ArdmiUan. 
Shalloch  Mill. 
Ardmillan. 

Craiffhead,  Ardmillan. 
Balclatchie  conglomerate,  Craighead, 
Dow  Hill,  Ardmillan. 
I  Woodland  Point. 
X     Craighead,  Dow  Hill,  ArdmiUan,  Bal- 
clatchie conglomerate. 
X      Balclatchie,  Benan  Crag,    Dow  Hill, 
Ardmillan. 
Woodland    Point,    Newlands,    Rough 

Neuk. 
Shalloch  Mill. 
Craighead,  Minuntion,  Doularg,  Ard> 

millan. 
Auldthoms. 

Mulloch  HiU.  Rough  Neuk,  High  Road. 
Thraive  Olen. 
Oamregan  Wood. 
Woodland  Point. 


X 


X 
X 
X 
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BtLAcmoTOi>A'-continued. 

Stfophomana  Wnltonl  {Dav,)    ...     x 

• 

Cuddystone  Olen. 

1,          shallockittiuis                    * 

(Dav.) ....                                    X 

Bhalloch  Mil]. 

sp 1        '                 '         1 

X 

Dow  Hill,  Ardmillan,  Oraighead. 

sp 

X 

Sballoch  MiU. 

r.  X 

Penkilli  Camregan  Wood. 

1      ^ 

MuUocb  Hill,  Rough  Neuk. 

L«pt»iut  MricM  (5oi0.     .         ..-{                                 X 

Sballoch  Mill. 

1 

X             1 

Starfish  Bed,  Auldthoms. 

I 

X 

Craigheadi  Minuntion,  Baldatchie. 

,1            11      var.  rhombica 

{M'Coy) 

1 

X 

Craighead,  Balclatchie  conglomerate. 
Camregan  Woodi    Penkill,    Bargany 

f    > 

i 

t        , 

Pond  Bum. 

„       transvenalls (If'aA/.)  ..< 

1 

X 

1          y 

Woodland    Pointi    NewlandSi   PtUo- 

graptus  Bed. 
AuldUioms,  Starfish  Bed. 

. 

< 

Cnughead,  Balclatohie  conglomerate. 

/             1     X 

„       qainqueooitaU  (M'CoyH                                  x 

Woodland  Point 

Shalloch  Mill 

I                                                >^ 

Ardmillan.  Balclatchie. 

r                  >^ 

ShaUoch  Mill. 

tenuldncta  (Af'Coj/)    ..-^         i 

X 

Balclatchie,  Ardmillan. 

l! 

X 

Balclatchie  conglomeraK'. 

r       ^  1 

Woodland  Point. 

,,        Begmentum    (Ang^lin)  -{  1  x                                         i 

Ouddj'stone  Glen. 

I                                         X 

Shalloch  Mill. 

.1       young[iAna  (/)ai?.)                                                            x 

Craighead.  Balclatchie  conglomerst«. 

Ethendgei  (Dav.) 
.1       Uandeiloensis  (Z>av.)    . . 

1 

X 

Craighead. 

X 

Craighead  Ardmillan. 

Onyii{Dav.)     ..        ..     \ 

X 

Craighead. 
Woodland  Point 
Balclatchie,  Ardmillan. 

sciBM (SaU.)                ..  [ 

^  i 

< 

1 

X 

Lamxllibrakchiata. 

» 

1 

• 

/■ 

X 

Ardmillan. 

AxnbonycMa  mdiata  (J?mMioii«)-{  i       ,               '          x 

Shalloch  Mill. 

\                ' 

X 

Craighead. 

„           orbicularis               /,                |  x 

Mulloch  HUl,  Rough  Neuk. 

(Conrad.)      . .  1  i           x 

Woodland  Point. 

amygdalina  (Haioi            ^ 

X 

Woodland  Point 
Craighead. 

belIiiitriato(^a/0  .        x 

Penkill. 

».           sp 1 

X 

Ardmillan,  Dow  Hill. 

,,              sp X              ' 

Avicula  elliptica  (Hai/)  ..                         x 

Penkill. 
Woodland  Point. 

..      'P 1 

X 

Ardmillan. 

..      ip X 

Oardiola  striata  (Soie.)    . .        . .     •  x 

Penkill. 
PenkUI. 

..        "p.            X 

„       fiorofla  (Saw.)    ..                 x           , 

Woodland  Point 

Penwhapple  Olen. 

Otenodonta  a.<itart»formis  (.9a;<<»r) 

X 

Ardmillan,  Dow  Hill. 

II          varicosa  (Salter) 

II          Eastnori  (Mureh.)  . .                    '           x 

X 

Ardmillan. 

Thraive  Glen. 

II          levata(£fa^                                i 

X 

Balclatchie. 

„         H              8P 1    X 

Mulloch  Hilli  Rough  Neuk. 

Nuoula  subacuta  (Jf 'Coy) 

X 

Balclatchie. 

Ooniophoracjinbeformis  (^otr.)!     ^      ^   \ 

Penkill, 
Woodland  Point. 

^      .1.          •P 

X 

Ardmillan. 

MytUiis  Bemirugatus  (Porti.)    . .       x 

Penkill,  Bargany  Pond  Bum. 
Slialloch  Mill 

1,      gradatus  (5aft0r) 

X 

„      mytilimeris  (Conrad.)  . .  |     ^^   |   ^  1 

Woodland  Point. 
PenkUl. 

Lunulicardium  elegans  (Salter)     1  x 

Penwhapple  Glen. 

Mulloch  HiU.  Rough  Neuk,   and  in 

( 

X     1 

Orthonota  undata  (Sow.)          .A 

Wood. 

{                 X 

Newlands. 

II        contracU(£falO                             | 

1,        prora  (Salter) ....                             x 

X 

Craighead. 
Starfish  Bed. 

semisulcata (.S^otr.)    ..     '                  x  , 

Mulloch  Hill,  Rough  Neuk. 

II        rigida(.S^.)  ..        ..        x 

Camregan  Wood. 
Penkill,  Cuddystone  Olen. 

It                      ■         •  •        .  • 

X 

I 
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I 


%4 

I 


LAMELLlBHANCHIATA—MMI^if. 

Palaarca  quadrata  (SalUr) 
„       modiolaiis  {SaUeri 

Pterinea  Sowerbjfi  (M*Coy) 
„       tenuistriata  (If 'Co.v)   .. 

Pleurorhynchus  dipterua  (Salter) 

„  fifiitvi  (StUt.)  .. 

QA0TKROPODA. 

Acroculia  haliotia  (Sou?.). . 

Bucania  profunda  (HaU) . . 

fi       sp. 

,,       sp. 
Oydonema  canaatum 

II         BP 

Cyrtolites  euryomphalus 
^inda.)1 

„         orbiculus  (Lindt.)^ . . 

•>         8p 

Enomphalus  funatus  (Sow.) 

8p. 

granulatus  (Portl.) 
qualteriatus  (Sehl.) 
sjp.     . . 

M  sp 

i»  sp 

Fusispira  elongata  (HaU)  ? 

Holopella  obsoleta  (Sow.)  . .  i 

„        teniiicincta  (M'Coy)  . . 

Holopea  Daludiniformis  (Halt)  . . 
„       iymnt&oide»  (Forhes)   .. 
Loxonema  eleirans  (M*Coy) 
Murchisonia  ooacura  (Portl.)    . . 
,,  (Pleurotomaria) 

bicincta  (HaU) 
„  simplex  (M^Coy)    . . 

cancellatula 
(M'Co>n) 

I.  sp 

Orioatoina  discors  (Sow.). .        . .  ! 

J,         aiiioilatum   (Littd«.)  't 
Ophilcta  nerine  (BUlings) 

,,        compacta  (Salter)        . .  -j 

Fleurotomaria  tanito  (Pwtlock) 
„  alata  (Sow.) 

,,  scutulata  (XiiMitf.) 

„  trochiformts 

(PorU.) 
„  clau8trata(Lifui«.) 

,,  sp.  . . 

,,  sp.  . . 

II  sp.  . . 

Platyoeras  cornutum  (Hisinger)< 

Platvscbisma  helicites  (Sow.)   . . 
Baphistonia  sp 

„  planistria,  var.  pan'a 

(HaU)  f 

„          nqualis  (So/eer)  ?   .. 
Trochus  Moorei  (M'Coy). . 
Trochonema  sp 


3 


D. 


i 


I 


X 


X 


I     X 


X 
X 


X 
X 


X 
X 


X    . 


X 
X 


X 
X 


X 
X 

X 


X 
X 


X 
X 


X 

X 


X    I 
I 

X 
X 


•si 


X 
X 


X 

X 


X 


X 
X 


X 

X 


i  4 


X 
X 


MuUoch  HiUi  Rouffh  Neuk. 

Mullocb  HiUiBough  Neuk. 

Starfish  Bed. 

Oamregan  Wood. 

Craighead,  Balolafeehie  eoiiglomerat«, 

MinuntioD. 
MuUoch  Hill,  Rough  Neuk. 


Thraive  Olen. 

Mullocb  HiU,  High  Road  Quarriea. 

Craighead. 

Ardmillan,  Balclatchie,  Dow  HiU. 

Shalloch  MUl. 

Shalloch  MiU. 

Ouddystone  Olen,  PenkiU. 

Shalloch  Mill. 

Newlands. 

Balclatchie  conglomerate. 

Balclatchie,  Craighead. 

Shalloch  MiU. 

Whitehouse  Bay. 

MuUoch  HUl,  Rough  Neuk. 

Newlands. 

Thraive  Olen. 

MuUoch   Hill,   Rough    Neuk,    PtUo- 

graptus  Bed. 
Cuddy  stone  Olen,  PenkiU. 
Woodland  Point. 
Woodland  Point. 
Thraive  Olen. 

MuUoch  HiU,  Bough  Neuk. 
Woodland  Point. 
MuUoch   HUl,   Rough    Neuk,    PtUo- 

Sraptus  Bed. 
ead. 
Thraive  Olen. 
Thraive  Olen. 
Thraive  Olen. 

Shalloch  MUl. 
Balclatchie. 

MuUoch  HiU,  Rough  Neuk. 
ShaUoch  Mill. 
Woodland  Point. 
Woodland  Point. 
ShaUoch  MiU. 
MuUoch  HUl,  Rough  Neuk. 
ShaUoch  MUL 
ShaUoch  MUl. 
Threave  Olen. 
Craighead. 
Thraive  Olen. 
Woodland  Point 
Woodland  Point 

ArdniUlan. 

MuUoch  HiU,  Rough  Nruk. 

Craighead. 

Shalloch  MiU. 

PenkUl,  Bargany  Pond  Ban. 

Newlands. 

Camregan  \^ood. 

Craighead. 

Thraive  Olen. 

Ardmillan,  Dow  HiU,  Balclatchie. 

Thraive  Olen. 
Balclatchie  conglomerate. 
MuUoch  HiU,  Rough  Neuk. 
MuUoch  HiU,  Rough  Neuk. 
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OAsnaoPODA— oo»i/»Tit<ed. 
Metoptoma  sp 

»t  8p.  a  . 

•  »  8p 

•I        «p 

Helraiiithochiton  (Chelodeis) 
Grayas  {U. 
{Woodward) 

i»  8p. 

„  Sp. 

PntROPODA? 

Conularia  elongata  (Portt.) 

, ,         Sowcrbyi  (De/ra  nee) , 

„        bilineata  (Lindii.) 

,,         tfubtiliii  (i9aA«r) 
. ,        aspena  {Lindt. )  ? 
HyoUthes  elegans  {Barr.) 
„        (Theca)  operculatus 
iJ^Mer) 

„  „      triangularis 

{Pmil.) 

„         acutu8(J?ieAirafe/) 
,»        reverHus(5aft.) 

,,        »p 

»»  **p« 

l»  SP"  •  ■ 

PU'rothei'a  corru^catA  (Saltrr) 
„         traiiHvenia  (Salter) 

ft  op»  •  • 

.♦  8P 

,,  Bp 

M  SP 

HKTKROn)DA. 

E<x'uliouiphalu8  Bucklandi 
(Poiil.) 

lacvis  Soic.) 


sp. 
sp. 


) 


Ik'Herophon  wenlockeiisiB  {Sote. 

,t  carinatus  (Sow.)  . 

„  dilatatii8  (Sow.) 

„  sphmn.(Lind8.)t  . 

„  bilobatU8(iS>oir.)  . 

,,  triloljatu8(iS'o«'.)  . 

,,  exiiaiiBUs  OS^oir.) 


punctifroiis 

(Emmoiit) 
Biibdecuasatus 

(M'Coy) 
Urei  (Flemiiig) 
squanibsus  (Liruh.) 
cIongatuB  (PortUtek) 


It 


Argo  (Billin(fg)f 

HP 

Bp 


t 


I   \ 


:  X 


,    X 


X 


Craighead. 
ShaUoch  Mill. 
Thraive  Olsn. 
Newlands. 


Thraive  Glen. 
Balclatchie. 
Ardmillan,  Dow  Hill. 


Balclatchie,     Dow    Hill,     Aittmilbn, 

Craighead. 
Craighead. 

Mulloch  HUI,  Rough  Neuk. 
Thraive  Glen,  Starfish  Bed. 
Woodland  Point. 
Woodland  Point. 
Thraive  Glen. 

Balclatchie. 

Whitehouse  Bay. 

Thraive  Glen. 

Ardmillan. 

Balclatchie. 

Thraive  Glen. 

Shalloch  MUl,  Whitehouisc  Bav. 

Balclatchie,  Dow  Hill,  ArdniifUn. 

Craighead. 

Ardmillan. 

PenkiU. 

Mulloch  Hill,  Rough  Ncuk. 

Balclatchie. 

Ardmillan. 

Thraive  Glen. 

Newlands. 

Penkill. 

Shalloch  MUl. 


Shalloch  Mill. 

Ardmillan,  Dow  Hill,  Craighead. 

Shalloch  Mill. 

Craighead,  Balclatchie. 

Woodland  Point. 

Craighead. 

MuUoch  Hill,  Rough  Ncuk. 

Shalloch  Mill. 

Thraive  Glen. 

MuUoch  HiU,  Rough  Neuk,  Craigens* 

Quarry,  and  in  Wood. 
Woodland  Point. 
Woodland  Point 
'  Thraive  Glen,  Starfish  Bed. 
Ardmillan,  Dow  HUl,  Balclatchie. 
Thraive  Glen. 
Ardmillan. 
PenkiU. 

Woodland  Point 
Mulloch  HUl,  High  Road. 
Drummuck. 
Ardmillan,  Balclatchie. 

Craighead. 

Mulloch  HUl,  Rough  Neuk. 

Drummuck. 

Drummuck. 

MuUoch  HUl. 

Thraive  Glen. 

Thraive  Glen. 

Shalloch  MUl. 

PenkiU. 

Newlands,  Woodland  Point. 
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HiTBROPODA— tion^nued. 


Bellerophon  sp. 
sp. 
sp. 


Maclurea  magna  {Letueur) 

luatutina  (ffa^O  ^ 
LfOgani(iSa^f^r).. 

macromphala  {M*Coy) 


♦I 


Ckpualopoda. 
Orthooeraa  politum  (M^Coy) 
A\vMiA{SalUr) 

bilineatum  {Haiti   . .  | 

„        arcuoliratum  (Hall) 

„         ludense  (Sow.)         . .  i 

vagana  (Salter.)       . .  \ 

, ,         tenuicinctum  (Portl. )  i 
.,         distans  (iSoir.)  < 

„         imbricatuni    (Wahl.)-{ 

,,         tracheale  (&>ir.) 

mocktreenae  (<Sdir. ) . 

„         bullatum  (Soto.) 

, ,         primsDMim  (Forbes) . 

, ,         angulatum  (  Wahl. ) . 


{ 

J, 


'♦ 


u 


BaochuB  (Barr.) 

atinulatum  (Sow.)  . . 
Grindro^  (Blakf)  .. 
fusifonne  (Hall)  ?  . . 
multicinctuni  (Hall) 

oil*  •  • 

gracile  (Portloek)  . . 
suhundulatum  (Portl. 

^  ^  Oaf*  a  •  •  •  •  • 

Phrajfmoceras  arcuatuni  (Suw.). . 

« f  Oaf*  ■  • 

Endoceras  proteifonwe,  var. 

strongulatiim  (Hall) 

GomphoceraH  sp 

crater  (Blake) 
,,  cinctuni  (BlaJce) . . 

Foterioceras  8p 

Oyrtooeraa  victor  (Barr.)  ? 

arcuatuin  (Hall) 

sp.  •  /■ 

sp. 

coinpressum  (Sow.) . . 

Hcoticum  (Blake) 

anniUatum  (Hail)    . . 

sp. 
Oncoceras  sp 

.1        sp 

ft        sp. 
Trocholites  planorbifomiis 
(Conrad) 

, ,         comuarietis  (Sow. ) . . 
Trochoceras  aspersum  (Airr.)?. . 


) 


»» 
•» 
»i 
«i 
»i 
•» 


X 
X 
X 
X 

X 
X 
X 

X 


X 
X 


X 

X 


X 
X 


■    X 


X 


X    I 


X 
X 


X 

X 
X 


X 
X 

X 
X 
X 
X 


X 
X 


X 
X 


X 


Shalloch  MiU. 
Baldatchie  conglomerate. 
Oraighead,     Ardmillan,     Balclatchie. 

DowHilL 
Aldons,  Tramitchell,  Hinuntion. 
Balclatchie  conglomerate. 
Craighead. 
Craighead. 


Pinmore,  Waterfall  Penwhappla  Olen. 

Ardmillan. 

Craighead. 

Shalloch  Mill. 

Shalloch  MUl. 

Shalloch  Mill. 

Thraive  Olen. 

Shalloch  Mill. 

Thraive  Glen. 

Mulldbh  Hill,  Rough  Neuk. 

Woodland  Point. 

Woodland  Point. 

Starfish  Bed. 

MuUoch  Hill,  Rough  Neuk,  High  Road 

Ouarry. 
Woodland  Point. 
Penkill,  Cuddystonc  Glen. 
Woodland  Point. 
Woodland  Point. 
Whitehouse  Bay. 
Woodland  Point. 
PenkUl. 
Thraive  Glen. 

MuUoch  Hill,  Ptilograptua  Bed. 
Woodland  Point,  ^ewiands. 
Penkill. 

Penkill,  Bargany  Pond  Bum. 
Penwhapple  Glen,  Penkill  Beda. 
Penwhapple  Glen. 
Penkill  Beds,  Penwhapple  Olen. 
Penkill,  Penwhapple  Olen. 
Penkill. 

Camregan  Wood. 
Shalloeh  Mill. 
Dow  Hill. 
Thraive  Glen. 

Mullo<'h  Hill,  Rough  Neuk. 
Woodland  Point. 
Balclatchie  conglomerate. 
Thraive  Glen. 
Balclatchie,  Dow  Hill. 
Penkill. 

Woodland  Poinc. 
Camregan  Wood. 
Penkill. 
Starfish  Bed. 
Woodland  Point. 
Craiffhead. 

Balclatchie  conglomerate. 
Penkill. 

Craighead,  Minuntion. 
Mulloch  Hill,  Rough  Neuk. 
Minuntion. 
MuUoch  HUl. 
Woodland  Point. 
Newlands. 

Oraighead 

MuUoch  HiU,  Rough  Neuk. 

Woodland  Point. 
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No.  4.— CoMPLrrE  List  of  Fossils  from  the  Stinohab  LuossioinE 
Sebies  (Upper  Llandeilo)  of  the  Girvan  District  of  the 
South  of  Scotland. 


Aloas.  (?) 
Oirvanella  problematica  (Nick,  ds  Eth. ) 

Rhizopoda? 
Nidulites  favus  {Salttr). 

FOKAMINIFERA. 

Saccammina  Garteri  (Brady). 

Hydrozoa. 
Cryptograptus  tricomU  {Carr, ) 
Clathrograptus  cuneifonms  (Lapw.) 
Climacograptus  bicomis  {Hcdl). 
,,  nanus. 

, ,  Sch&renberffi  ( Lapw. ) 

Dicellograptus  sextans  (Hail). 

„  sp. 

Dicrauograptus  ramosus  {Hall), 

,,  sp. 

Didyuiograptus  superstes  {Lapw.) 

,,  sp. 

Diplograptus  foliaceus  {Murch. ) 
,«  rugosus  {Emm.) 

,,  sp. 

Glossograptus  Hincksi  {Hopk.) 


C(ELENTERATA. 

ACTINOZOA. 

Chaetetes  {Fijicher). 

Favosites  girvanensis  {Nick,  and  Eth.) 

Fistulipora  pilula  {Xich.  and  Eth. ) 

Hal^sites  sp. 

Heholites  Grayi  {Edw.  and  Haime). 

Labechia  canadensis  {X.  a)id  Murie). 

Lindstromia  subduplicata  {M^Coy). 

Lyopora  favosa  {M*Coy). 

Monticulipora  girvanensis  {Nich. ) 

Petraia  elongata  (PhU. ) 

Prasopora  Grayse  {Xich.  and  Eth. ) 

Propora  Edwardsi  {Xich.  and  Eth. ) 

Stenopora  fibrosa  {Ooldf.) 

Streptelasma  aaquisulcatum  {Af*Coy). 
aggregatum  {X.  and  E.) 
craigense  {M^Coy). 
europseum  ( RUm. ) 

Stylanea  oocidentalis  {Xich.  and  Eth. ) 

Tetradium  Peachi  {Xich.  and  Eth. ) 

Thecostegites  scoticum  {Xich.  and  Eth. ) 

Crinoidea. 
Glyptocrinus  {ffall)  sp. 


II 


)i 


*) 


AVNEUDA. 

Cornulites  {Schl. )  sp. 
Serpulites  longissimus  [Murch.) 

CiRRIPEDIA. 

Tiirrilepas  ( h''oodw. )  sp. 

OSTRAGODA. 

Cy there  aldensis  (M*Coy). 

,,        var.  major  {Jones). 

grayana  (Jones). 

wrightiana  (Jones  and  HolL) 
Primitia  barrandiana  (Jones). 


If 
If 


Trilobita. 
Ampyx  {Dalm.)  sp. 


Asaphus  (Isotelus)  gigas  {Dekay). 

,,  ,,         rectifrons  {Portl. 

Bronteus  {Goldf.)  sp. 


) 


f  f 


»i 


II 


If 


f  I 
♦I 


Calymene  Blumenbachi  (Brong.) 
Cheirurus  bimucronatus  (Murch.) 

) ,         gelasinosus  ( Portl. ) 
Dind^mene  (Corda.)  sp. 
Encnnurus  punctatus  {Briin, ) 

var.   arenaceiiB 

(SaU.) 
var.  calcareus 
(Salt.) 
Harpes  (Ooldf.)  sp. 
Illsenus  (Dysplanus)  eemulus  (Salt.) 
,,  Bowmani  (Salt.) 

latus  (M'Coy). 
Portlocki  (^W/.) 

II       sp. 

Lichas  hioemicus  (Portl. ) 

Phacops  Brongniarti  (Portl.) 

Remopleurides  Barrandei  (Eth.  d:  Xich.) 

Oo\h\\  (Pwil.) 
laterispinifer  (PortL) 
sp. 

Sphffirexochus  mirus  (Beyr.) 

Trinucleus  (Lhioyd).  sp. 

Brachiopoda. 
Acrotreta  Nicholsoni  (Dav. ) 
Crania  siluriana  (Dav. ) 

„     sp. 
Discina  perrugata  (M^Coy). 
Leptiena  Etheridgei  (Dav. ) 
,,       Grayi  (Dav.) 
,t       llandeiloensis  (Dav.) 
,,        (Plectambonites)     quinquecos- 
tata  (M'Coy). 


II 
♦I 

II 
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51 


?> 


f> 


if 


»♦ 

»» 


Brachiopopa — ccmtinued. 

sericea  (^ow.) 

,,      var.  rhonibica  {M*Coi/). 
(CliriHtiania)  tenuicincta 

{M'Cai/). 
(Plectambonites)    transversalia 

(Wahl.) 
youngiana  {Dav.) 
Liugnla  attenuata  (Sow, ) 
granulata  (Phil.) 
ovata  (M'Coy). 
Quadrata  ( Eich w. ) 
Ramaayi  (Salt. ) 
Meriatella  an^stifrons  ?  {M*Coy). 
Nucleospira  pisum  {Sow. ) 
Orthis  balcletchiensis  [Dav.) 

(Platystrophia)  biforata  {ScfU. ) 
calligramma  {Datm. ) 

,,  var.  virgata  (Salt.) 

,,  var.  scotica  (Dav.) 

confinifi  {Salt. ) 
crispa  (M*Coj/). 

(Dalmanella)  elegantula  {Dalm.) 
(Dinorthis)  flabeUulum  (Sow.) 
^rvanensis  (Dav  ) 
intercostata  (Portl.) 
protensa  (Sow, ) 
sowerbyana  (Dar. ) 
(Dalmanella)  testudinaria  ( Dahn. ) 
turgida  (M^Coy). 
luiguis  (Sow.) 
vespertilio  (Sow.) 
Khynchonella  lemula  (Salt. ) 

,,  balcletchiensitt  (Dav.) 

Lapworthi  (Dav.) 
nasuta  (M*Coy), 
Peachi  (Dav. ) 
(Hyattella)    portlockiana 

(Dav.) 
Salter!  (Dav. ) 
scotica  (Dav.) 
sub-borealis  (Dav.) 
Thomsoni  (Dai\) 
Weaver!  (Salt.) 
8iphonotrela  anglica  (Mon-is). 
micula  {Jf'Coy). 
„  scotica  (Dar.) 

8trophoniena  corrugatella  (Dav.) 

(Rafinesqiiina)      deltoidea 

(Conr.) 
(Rafiiiesquiiia)   expansa 

(Soto.) 
(»rayi  (Dav.) 
imbrex  (Ponrf.),  var.  semi- 

globosa  (Dav. ) 
llandeiloeusiB  (Dav. ) 
retroflexa  (Salt. ) 
(Leptsena)  rhomboidalis 
( WUck. ) 


ii 


i» 


?» 


»> 


u 
»» 

I) 


n 


«t 


»» 


•  I 


i> 


II 


u 


»» 


»> 


>' 


1 » 


n 


11 


11 


ti 

11 


11 


8p. 


Brach  iopoda — continued. 

Trij)le8ia  Gray  a?  (Dav.) 
11        ap. 

Lamellijikancuiata. 
Aiiiboiiychia  amygdalina  (HaU). 

,,  raaiata  (i^mm.) 

OrthoDota  contracta  (Hall). 
PleurorhynchuB  diptenis  (Salt. ) 

Gasteropoda. 
Bellerophon  acutus  (Sore. ) 

punctifrons  (Emm.) 

SD. 

(Bucania)  profunda  (^a//)' 
Chelodes  (Dav.  and  Ktng). 

,,        (Helminthochiton)  sp. 
Cyrtolites  (Conrad)  sp. 
Ecculiomphalus  Bucklandi  (Portl.) 
,,  leevis  (iSoK?. ) 

„  sp. 

liolopea  paludiniformis  (Hall). 
Maclurea  Logan!  (Salt. ) 

(Opnileta)  macromphala 

(M*Cot/). 
Maccoyi  (Sa/t.) 
magna  (Lean.) 
matutina  (Hall). 
Macrocheilus  (Phillips)  sp. 
Metoptoma  (Phil. )  sp. 

,,  (Trybli(fium)  sp. 

Murchisonia  angulata  (Soio. ) 

,,  (Pleurotomaria)  bicincta 

(Half). 
gracilis  (Half). 
gyrogonia  (M'Coy). 
vitellia  (^t/A ) 
Ophileta  ( Vanux)  sp. 
Pleurotomaria  (D^r.) 

,,  (Raphistoraa)  lenticularis 

(Sow. ) 
,,  qualteriata  (Schf.) 

Platyceras  (Conr.)  sp. 

Pteropoda.  (?) 
Coiiularia  elongata  (Portf.) 
„         Sowerbyi  (De/r.) 
HyolitlicH  (Eichtr.)  sp. 
Theca  (Sokk  )  ap. 

Cephalopoda. 
Cyrtoceras  ineequiseptum  (Portf.) 

multicamaratum  (Haff). 

scoticum  (Blake). 

sp. 
Orthoceras  bilineatum  (Hall). 

pendens  (Blake). 

politum  (JPCoy). 

sp. 
Trocholites  planorbiformis  (Conrad.) 


11 
11 
11 


11 
11 
«» 


11 
1} 
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No.  5. — COMPAAATIYS   TaBLE  OF   FOSSILS   FROM  THE   CaRADOC  KoCKS  OF 

Balclatchis,    Leadhills,    Wallace's    Cast,    Kilbucho, 
Glencotho,  Weae,  and  Winkston. 


RUIZOPODA  ? 


Cyclocrinus  {Eichtvald) 

Nidulil«fl  (Miferj 

favus  {Salt. )  . . 


»» 


Spongida. 
iHchadites  {Murchufon) 

,,  Knenigi  [Xkh.  and  Eth.)  ... 

Hydrozoa. 
Dicranograptus  (Hall) 

J,  tarcliusculiis  (/ya/>(/;.) 

Dicellograptus  {Hopkinaon) 

,,  monatensis  {Carr.)     ... 

Diplograptus  {M^Coy) 

,,  rugosus  (Emm.)... 

Climaoograptus  (Hail) 

„  .Scharenbergi  (Lapic.) 

ACTINOXOA. 

Alveoli tcH  (Latnarek) 


ft 


sp. 


Favosites  (Lamarck) 

aaper  (Z>'Or/).)  

cristatus  ( Blum. ) 

gothlandicus  ( Fougt) 

sp*        ...         ...  ...  ... 

FiBtulipora  (M'Coy) 

,,  {avoha  (Xich.  and  Eth.)   ... 

Heliolites  (Dana) 

f  f  •iVf*  •••  •■•  ■•*  •■• 

Lindstromia  (Nicholson  and  Thomson) 
subduplicata  (M^Coy)    . . . 
,,  var.   crenulata 

{M^Goy) 
Lyopora  (Nicholson  and  Etheridge) 

,,       favosa  (if* Co^)  

Monticulipora  (D*Orbigny) 

,,  lens  (iV  Coy)     

Palseocyolus  (Edtnards  and  Haime) 

•^TIs  ■  .  •  .  •  ■  ... 
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X      I 
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»» 
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AcTiNozoA — continued. 

Petraia  (MihisUr) 

bina  {Lonsd. )     

elongata  (PA»/. ) 

uniserialis  (if*  Coy)       

zic-zac  {M*Coi/) 

Stenopora  {LontfdcUe) 

y,         (Favosites)  fibrosa  {Oold/. ) 
Syringophyllum  {Edwards  and  Haimc) 

,,  (Sarcimila)  sp. 

Tetnuliuni  (Dana) 

■  J  HLI*  ■■•  «.«  ■•«  •■• 

Crinoidsa. 
Glyptocrinus  (Hall) 

»,  haMMa{M*Coy) 

■ «  Of'*  •••  ■•■  ■■•  •■> 

MyelodactyluB  {ffa/f) 

> »             sp. 
Crinoid  steins 

Annelida. 
Serpulites  {M*Leay) 

,y         lonfdaaimvLB  (Murch.) 
Tentaculites  (schlotheim) 

CiRBIPEDlA. 

Turrilepas  ( Woodward) 

scotica  (Nich.  awl  Eth.)    ... 

Om^*  ••■  ■••  ■•■  •■• 


Phyllocarida. 
Pinnocarifi  {Etheridyty  jnr.) 

, ,  lApworthi  [Efh. ,  jnr. ) 

Peltocaris  (Salter) 

^  J  \  *  /    '^l^*  ••*  ■■•  *■•  ■*■ 

Trilobita. 
Acidaspis  (Murchi^on) 

, ,         Grayie  ( Eth. ,  jur. ) 

, ,         hystrix  (  Wyv.  -  Thoni. ) 
„         lAld^ge  (Wy v.- Thorn.) 
Agnostus  (Brongniart) 

, ,        agnofitiformis  (M^Coy ) 
Ainpyx  (Dmman) 

Homei  (Eth,  and  Nich. ) 

Maccallumi  (Salt. )       

mammilaris  (^ar«)       

roetratua  (Sara)  

OKJ*  *•■  •■•  •••  •■• 

AsaphuR  (Brongniart) 

(Isotelus)  gigas  (PeAvzy) 
M        rectifrons  (^or^/. ) 

•3  v'V  •••  *••  •■•  ••• 
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'    a: 

^ 

1 

1 

Leadhills. 
Wallace's  Caa 

Ibucho. 
nootho. 
Dnunm 

1 

« 

II 


» » 


Trii^obita  — conti7med. 
Barraudia  {M'Coy) 

•  f  r9  ft '•  ■••  •««  ••» 

Bronteopsis  ( Wyi'ilh-Thottuimi) 

„  Bcotica  {Salt.) 

Broil teu8  {(Joldfiuis) 

,,         Andei*8om  (AVA.  an<^  A*»cA.) 
Calyroene  {Brongniart) 

CheiruruH  (lityrich) 

bimucronatuH  {Jdurch.) 
clavifrons  (Dalm. )   ... 
gelasinosuB  [Portl. )  ... 
Sedgwieki  {M*Coy)  ... 

sp 

Cybele  (LfOc^n) 

„      verrucosa  (DaJm.) 
,,      sp. 
Deiphon  (Bartnnde) 

, ,        Forbe«i  ( Barr. ) 
Haqjes  (GM/usa) 

,,      parvuliis  (M'Coy) 

) )      sp.  ...  ...         ... 

HomalonotiLS  ?   (Kofuig) 

y  y  OEr*  •••  •>*  •••  ••• 

lUaenus  {Dolman) 

(Dysplanus)  Bowniani  (Sait.) 
Davisi,  var.  B.  involutua  {Salt.) 
(Dysplanus)  latus  ?   {M*Coy) 
,,  ThomKoni  (Sait.) 

young  of . . .         ...         

sp. 
Lichas  {Dalman) 

Gmyi  {Flttch.) 

hibernicus  ( Poril.  ^         

sp.  

Ogygia  (Brongniart) 

,1         Hp.  ^  

Phacops  ( Em  m  rich ) 

( Acaste)  alifrons  {Salt. ) 

,,        Brongniarti  {Portl.) 
(I>ahiianite8)caudatu.s  ?  {Briinn.) 
Proetus  {Steiningtr) 

, ,      girvanensis  ( Eth.  and  Xich .)... 
Hemoplenrides  {Portlock) 

,,  Barrandei  {Eth.  and  Xi^h.) 

Colhii  {Portl.) 

„  laterispinifer  {Portl.)... 

J ,  nov.  sp. 

Salteria  ( Wyrille- Thomson) 

, ,      primeva  (  Wyv.  -  Thorn. ) 
Sphserexochus  {Beyrich) 

,,  minis  {Beyr.) 

Staurocephalun  {Barrande 

, ,  globicepM  ( Portl. ) 
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>  > 


X 
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Trilobita — continued. 

Staurucephalus  unicus  ( Wyt\  •  TKcm. ) 
Stygina  [SoJttr) 

,,       latifrona  (Par//. )  

Trinucleus  {Lhywd) 

concentricus  (^/o»)         

fimbriatus  {Murch. )  

Maoconochiei  [Eth.  and  Nirh.)   .. 

ornatus  {Sternb. ) 

sp. 


If 

11 


If 
11 

it 


II 
»i 


II 
II 

II 


II 

♦  » 

I » 

»i 
11 


I 


X     ' 


X      I 


POLYZOA. 

Ceriopora  {Ooldfitss) 

„        oculaisk  {Oofdf.)        

Fenestella  {Lcnsd^t) 

%  I  O^Ja  •>■  ■••  •■«  ■«•  ••• 

Ptilodictya  {Lim/tdale) 

costeW&ta,  {M* Coy)  

dichotoma  ( Portf. ) 

DL#t         ■•«  ••■  *••  •■•  ••• 

Retepora  {Lamarck) 

I  f  Xf  L#«  •••  ■•■  ■•■  •■■  ••« 

Sulcoretepora  (jyOrbigny) 

•  y  o&#«  •••  ■••  •■■  ••■ 

Brachiopoda. 
Acrotreta  {Kutorga) 

costata  ?  (Dav.)      

Nicholsoni  {Dar. ) 

Crania  {Betzius) 

y  y      0&Ja  •••  >••  •••  •••  ■•■ 

Discina  {Ijamarck) 

oblongata  {Parti. )        

perrugata  (J/'Coy)      

Ol^t  •••  >•*  •••  ■■• 

Leptaena  {Dolman) 

,,        (PlectamboniteB)  quinquecostata 

{M'Coy)      

scissa  =  llandeiloenBis  {Dav.) 

sericea  {Sow. ) 

„      var.  rhombica  (jlT' Coy) 
(Christiania)  tenuicincta  {M^Coy)  ... 
(Plectambonites)  tranBveraaliB (  Wahl. ) 
youngiana  (Z>ar.)       

OUa  •••  •«■  ••■  ••»  ••■ 

Lingula  {Brttguih't) 

attenuata  {Sow. )  

brevia  (i'or^/.) 

canadensis  (^i//.)         


X 
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X 

X 


X      ' 

X 
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M     ' 
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f  I 
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>♦ 
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»l 
II 


eranulata  ( Phil. ) 
longissima  {Pand. ) 


X      I 
X 
X 
X 


ovata  {M^Coy)  .. 

Ramsayi  {Salt.)  

Meristella  {HcUl) 

(Whitfieldia)  tumida  {Dal.) 
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Brachiopoda — continued, 

Meristina  {HoUl) 

„       (=  Whitfieldia(5fow.) 

,,       (Meristella)  tumida  (/>a/m. ) 

Obolella  or  Kutorgina  {Biffings) 

y  J  tS^m  ■•■  *••  ■••  •■> 

Orthis  (Dolman) 

Actonis  (Sow.)    ...         

(Platystrophia)  biforata  [SchJ. ) 

(BiloDites)  biloba  ( Linn. ) 

Bouchardi,  var.  balcletchiensiR  (Dai 

calligramma  (DaJm.)     

„  var.  plicata  (iS'oiP. ) 

,,  var.  virgata  (aW^  ) 

Carausii  (SaJf.) 

crispa  (J/'Coy) 

(Dalmanella)  elegantula  (Dalm.) 

(Dinorthis)  flabeTlulum  (iiow. )... 

e'rvanensis  ?  (Dav.)      
ipworthi  ( Dav. )          

polygramma  (Sow. )        

,,  var.  pentlandica  (/>ar. ) 

protensa  (Sow. )  ... 

Kankini  (Dav.) 

rustica  (Sow. )      

sowerby ana  ( Dav. ) 

(Dalmanella)  testiidinaria  (Dalm. ) 

turgida  (3/"* Coy) 

unguis  (Sow.)       

veapertilio  (Sow.) 

BL/a       *«•  ••■  ■■•  •••  ■•• 

Patenila  (Davidson) 

„       (Discina)  balcletchiensis  (Dav.) 
Porambonites  (Pander) 

,,  Intercedens  (Pand.)     ... 

Rhynchonella  (r'iitchtr) 

,,  ardmillanensis  (Dav.) ... 

,,  balcletchiensis  (Dav.)  ... 

borealis  (SchL) 

cuneatella  ( Dav. ) 
, ,  girvanensis  (Dav. ) 

Jacki  (Dav.)      

, ,  maccoyana  ( Dav. ) 

nasuta  (M'Coy) 

,,  nucula  (Sow.)     

, .  Stricklandi  (Sow. ) 

« J  B9L/*  ■  •  •  •  •  ■  •  ■  • 

Siphonotreta  (De  Vemenil) 

,,  micula  (M^Coy) 

Stricklandinia  (Billings) 

, ,  balcletchiensis  ( Dav, ) ... 

trophomena  (Rafineaque) 

arenacea  (Salt. ) 

compressa  (Sow. ) 
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»» 


Brachiopoda — cantinned. 

•Strophomeim  corrugatella  ( Dav. )        

(RafineBquina)  deltoidea  {Conr.) 
var.       rotiindata 

{Conr. ) 
var.    expansa 
{Sow.) 

^andis  {Sow. )     

imbrex  {Pand.) 

(Orthis)  kilbuchoensis  {Dar.) 
llandeiloensis  {Dav. )     ... 

retroflexa  {SaU. ) 

(L^ptCBna)  rhomboidaliH  ( WiJck 
semiglobofiina  {Dav. )     ... 
shallockiensis  {Dav. ) 

bLI«  •  >  •  .  <  ■  -  •  • 

Tripleaia  {HaJi) 

spirif  eroides  ?  { 3/  *  Coy ) 

O^'*  «••  •••  •■•  «■• 


>» 

«» 
•J 
>» 

>» 
>> 


»» 


.) 


LaMELLIBRA  NCHI  ATA . 

Ambonyehia  {Ha//) 

,,  radiata  {EmfnoiM) 

f  y  o  Lis    •  • «  • . . 

Area  (Zrt/i/k(fii4) 

,,     eclmondiffiformis  {Af'Coy) 
Avicula  {Klein) 


»» 


sp. 


Ctenodonta  (iSa/^er) 

anglica(D'0r6.) 

astorteformis  {Salt. ) 

levata  (/To//)         

(Nucula)  subacuta  {M*Coy) 
varicosa  {^'a/0       

Cuculiella  {M*Coy) 

^  ^  C51Ja  •■■  •■•  •■•  ■•• 

Goniophora  {Phillips) 

f  J  HUs        ,.■  ...  ...  ,,. 

Modiolopsis  {JIall) 

modiolariR  (Ca7ircK/) 
orbicularis  {Sow.) 


II 
II 
»« 
>» 
II 


« I 
If 
1  > 


sp. 


Orthonota  {Conrad) 

y,         undata  ?  {Sow.) 
Pleurorhynchus  {Phillips) 

I,  (Conocanlium)  dipteruR  {Salt. ) 

Gasteropoda. 
Bellerophon  {Mont/ort) . . . 
acutus  {Sow. ) 
bilobatus  {Sow. ) 
dilatatus  {Sotv. ) 


II 

ji 
II 
11 


expansus  {Sow.)    ... 
truobatus  {Sow. )  ... 
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Oasteropoda — contiwud. 

Bellerophon  SD 

,,  (6ucania)  sp 

Chelodes  [Davidson  and  King) 

,,        (Helminthochiton)  Rp.  

Cyrtolites  {Conrad) 

, ,        ( EcculiomphaluB)  orbiculus  ( Lindst. ) 

f  y  B^*  ••■  •••  •■■  •■■  ■■• 

Cyclonema  [Hall) 

,,  crebristrift  [M^Coy) 

f  y  BL/«  ••■  •••  «.«  ... 

EcculiomphaluR  {Portlock) 

Bucklandi(/»o>-f/.)    ... 

Isevis  {Sow. ) 

minor  (Porf/. ) 

acoticus  (3f 'Coy) 

Euomphalufl  {Sowerhy) 

,,  (Bellerophon)  sciilptus  {Sow.) 

f  f  QLIa      •••  •■■  ••■  ••• 

Holopea  {Half) 

, ,        concinna  {M^Coy)       

Holopella  {M'Coy) 

I  f  Dw*  ••>  •••  ..•  ••• 

Loxonema  {PhiffipM) 

•  J  BU«  «•■  •••  .>■  ■•■ 

Maclurea  {Lesitem-) 

,,         (Opheileta)  macromphala  ( J/'Coy). 

, ,         matutina  ( HnJf) 
Macrochilina  {Bayle) 

9 1  QEJ«  •..  •••  ••• 

Murchisonia  {ht  VtrneuU  tt  D'Archiac) 
angnlata  {Sow.) 


X 
X 


n 
>♦ 

«♦ 


1 » 


g^roffonia  (J/' Coy ) 
imDie 


simplex  {3f*Coy) 
sp.  ... 
Ophileta  ( ranuxem) 

,,       compacta  (jS'o//.) 
Pleurotoniaria  {De/rance) 

a\B.t&{}Vahl.) 
elliptica  {His. ) 


(Raphistoma)  lenticiilaris  {Sow. ) 
Mi 


trocniformis  {Porti.) 
sp. 
Raphistoma  {Hail) 

,,  (equalis  {Sa/t.) 

f  f  *^y^  •   •  •  •  ■  •  • 

Turbo  {Linnoftts) 

t3mM.     at.  •*.  >.. 


»' 


Pteropoda  ? 

Conularia  {Miller) 

,,        elongata  (Par^. ) 

f }  P*       *  *  *         *  *  * 
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Pteropoda  ^.—continued. 

Uyolithes  {Eichtcald) 

,,         (Theca)  acutufl  (-^Atr.)      

X 

y^          OpeTCUiAtVLB  {ScUt.) 

X 

,,        reversus  (iSo/^ )         

X 

,,        triangularis  (Por</.)            

X 

1  tt                        O&Ja                       ••*                         vf*                         ••>                         •••                         ••• 

X 

X 

X 

Pterotheca  (Salter) 

y,            COTTUgAtA  [Salt.)      

X 

X 

„         transversa  (ilSo//.) 

X 

Cyrtoceras  {Oolc^fuss) 

,,         scoticum  {Blake) 

X 

X 

1  •                  BlJ*          ••*                 ■••                 ••■                 •••                 ••■ 

Endoceras  (ffall) 

X 

«,         strangulatum  (/To//)          

X 

J  f                   BEJ*            ■*•                 ■••                 ■•■                 ■••                 ■•• 

X 

Lituites  {Breynius) 

„       (Nautilus)  flp 

X 

Orthooeras  (Breyniwt) 

, ,         arcuoliratum  (Hall)          

X 

X 

,,          Avelini  (iSo/^ )        

X 

X 

„         pendens  (.fi/oibe)     

X 

X 

„          poli turn  (if* Coy) 

X 

,,         subundulatum  (Portl.)     

X 

1 

1 

•  1                                  up*                «>•                               •••                              *  •   *                              at*                               ••• 

X 

X 

X 

Phragmoceras  (Broderip) 

« 

1 1                          0  w»                       •■•                   •>•                   ■>«                  •«• 

X 

Trocholites  (Canrcid) 

, ,         ( Lituites)  comu-arietis  (Sow. )    ... 

X 

II                        n             SP 
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Oasteropoda — continued. 

Bellerophon  sp 

,,  (Bucania)  sp 

Chelodes  {Damdson  and  King) 

ff       (Helminthochiton)  Bp.  

Cyrtolites  {Conrad) 

(£cculiomphAlu8)orbiculus  {Lindat. ) 

t^X^m  •■•  ■••  •••  •••  •■> 

Cyclonema  [Hail) 

,,  crebrifltria  (M^Coy)  

f  y  CllJ»  ••■  ■■•  •••  ■••  ••* 

Ecculiomphalufi  {Portlock) 

Buckl&ndi  {Poiif,)    

lievifl  (iS^oir.) 

minor  (Porf/.) 

Rcoticus  (3f' Coy)       

Oft^»  •••  •<•  ■••  ••! 

Ruomphalufl  (Sowerhj/) 

,,  (Bellerophon)  sculptus  (iS'oir.)  ... 

J  f  DU«     •■•  •■■  •.■  ..•  ••■ 

Holopea  (Half) 

, ,        concinna  (M*Coy)       

HolopeUa  (M'Coy) 

J  •  Dm#«  ••*  ■■•  >«■  ■••  ••■ 

Loxonema  (PhiUipH) 

t  y  D^J«  ••■  >•■  •••  «••  «•• 

Maclurea  {Lesneur) 

(Opheileta)  macroniphala  ( J/'Coy). . . 

matutina  (/To//)        

Macrochilina  [Bayh) 

9 1  SLI*  •••  •>•  •••  .,• 

Murchisonia  {Dt  Verneuii  et  D^Archia^) 

angulata  [Sow.) 


If 


gyroffonia  (if 'Coy) 


simplex  {3f*Coy) 
sp.  ... 
Ophileta  ( Vanuxem) 

, ,       compacta  ( Sait. ) 
Pleurotoniaria  (Durance) 

alata  ( Wahl. ) 
elliptica  [Hm.  ) 


X 

X 


(Raphi8toma)Ienticiilaris  {Sow. ) 
•hii 


trocniformis  {Poril.) 
sp. 
Raphistoma  {Hail) 

,,  aequalis  {Salt.) 

Turbo  (Lfiniifeiut) 

^  9  BLI*    f.*  .«•  •■■ 

Pteropoda  ? 

Conularia  {Miller) 

,,        elongata  (Port/. ) 

1 1  dD«  ■  •  •  •  •  • 


X 
X 


X 

'     X 
I     X 


X 
X 


X 
X 

X 
X 


X 


'      X 


X      ' 


X       ! 


X      ' 

X 

X  X 


X      '      X 

X  X 


I 

I  I'll 

R        "g    111 

2 


X 


I    1 


I    X 


A2ypeiidix. 


707 


Pteropoda  ? — continued. 

Hyolithes  {Eichvxdd) 

(Theca)  acutus  {Eichw.) 
operculktus  [Salt,) 
reversus  {Sait, ) 
triangularis  {Portf.) 


»i 


»» 


»» 
if 


sp. 


Pterotheca  {Salter) 

y ,         comigata  {SalL ) 
,,         transversa  {Salt.) 

Cyrtoceras  {Ocidfu9s) 

scoticum  {BlaJce) 


»» 


Endoceras  {Hall) 

«,         strangulatum  (Hail) 

m  •  OL^a  ■■•  ■••  ••• 

Lituites  {Breynius) 

, ,       (Nautilus)  sp 

Orthoceras  (Breynitui) 

arcuoliratum  (Hall) 
Avelini  (ScUt.) 
pendens  (Blake) 
politum  (M*Coy)    ... 
subundulatum  (Portl.) 


»» 
f  f 


>» 


sp. 


Phragmoceras  (Broderip) 

Trocholites  (Conrad) 

(Lituites)  comu-arietis  (Sow,) 
sp. 


ft 


2  w 
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No.    6. — COMPARATTYB  TaBLE   OF   FoSSILS   PROM  THE   WeNLOCK-LuDLOW 

Rocks  of  the  South  of  Scotland. 


Plants. 


Land  plants  . . . 


Sponoida. 
Amphispongia  [Salter) 

,,  oblonga  (<.Sa//. )       

Plectoderma  {Hinde) 

,,  Bcitulum  (Hinde)      

Protospongia  (Softer)  

li^ftJ^JllflkW  •••  •••  •>•  •■■  •••  ■•■ 

l9chtM\te^(Murchison) 

,,         KcBnigi  (Murch.)         

Hydrozoa. 
CyrtograptiiB  (CarrtUfiers) 

,,  Carruthersi  (Lopir.)  

,,  Murchisoni  (Carr,)  

,,  scoticus  (Zropir.,  M.S. )     

Monograptus  (Oeinitz) 

colonuB  (Barr.)        

Fleming  (iS^o/^ )  =  priodon  (Bronn,). 


»» 
»» 
>f 
}) 
»» 
If 
11 


galaenais  ( Lapw. )    ... 
lud 


fudensia  (Murch,)  =  priodon  (Bronn.) 

priodon  (Bronn.)     

riccartonen8i8(Za;>ir.)       

vomerinuB  (Nieh. ) 

Dft^a  ■••  •••  ■■■  «•■  •■• 

Retiolitee  (Barrande) 

„        geinitzianus  (J^arr. )      

Dictyonema  (ffaUl) 

(Feneatella)  assimile  (Lcnsd. ) 
(Gorgonia)  regulare  (Portl. ) 

retiioTmo  (Hall)        

(Chondrites)  Terisimile  (Sail, ) 

Smja         ••■  ••<  ••■  ■••  ••■ 


♦  I 
»» 
»» 


ACTINOXOA. 

Alveoli  tee  (Lamarck) 

,,        repenH  (/bity/) 

A  •  oa'a  ••«  •••  ■•«  ••• 

Favosites  (Ltamnrch) 

, ,        alveolaris  ( Goldf. ) ,  a  sper  ( /)'  Orb. ) 
,f        gothlandicas  (/ovg^)      


G 

a. 


X 
X 


X 
X 


X 
X 


X 
X 
X 

X 


X 
X 

X 
X 


i 

I 


&0* 


ktA 


X 
X 


X 
X 
X 
X 
X 
X 
X 
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AcTi  NozoA — continued. 
Favosites  multipora  ( Lonsd. )       

y  •  D&/«  ■•■  •■•  •••  •••  ••• 

Heliolites  {tkma) 

interstinctus  ( Linn. ) 

B&^«  •••  •••  •••  ■••  ■■• 

Lindstromia  {Nick,  and  Thorn.) 

■  f  DL#s  ••«  ■■«  ••»  •••  ••• 

Monticiilipora  (lyOrbiffny) 

(Chaetetes)  Fleteheri  {M.  Edw.). . . 
Petraia  {Munster) 

hinsL  {Lonsd.)  

(StreptelAsma)  elongata  (Phil.) 

, ,            subduplicata  {M*Coy)    . . . 
uniserialis  {M*Coy)  

o  ft>^«         •■•  ■■•  ■••  •••  *•»  •>• 

Ptychophyllum  {Milne  Edwards) 

,,  (Strombodes)  patellatum  (Schloth.) 

St^nopcra  {LonMkUe) 

, ,         (Favosites)  fibrosa  {Gold/. )     

Syringopora  {Oold/uss) 

•  f  Omfm  •■•  •■■  •■■  ■••  «•• 

Ophiuroidka. 
Protaster  {Forbes) 

Sedgwicki  {Forbes)       


»» 


sp. 
{He 


Palfeaater  {Hall) 

„        sp. 
Palasterina  {M*Coy) 
sp. 


»» 


ECHINOIDEA. 

Perischoechinus  {M*Coy) 

Os^»       •••  ■■•  •«• 


It 


Crixoidea. 
Periechocriniis  {Aiistin) 

m  ft  OE#«         ■••  •••  »•■ 

Crinoid  stems  

Annelida. 
Cornulites  {Schloiheim) 

•  •  DL^v  *•■  «••  •■■ 

Serpulites  {lf*Leay) 

,,         lon^fsaimwB  {Murch.)  ... 

■   A  Dft^S  •••  ■••  ••• 

Spirorbis  {Lamarck) 

,,        Lewisi  {Sow.)      

Cikripedia. 
Anatifopsis  {Brady) 

• •  O^^*  •••  •••  ••• 

Turrilepas  {noodward) 

Haswelli  {Edgell,  M.S.) 
Wnghti  {Woodw.)      ... 

B^r*  ••«  »«•  «■• 


I* 
II 


X 
X 

X 
X 


X 
X 
X 

X 
X 

X 


X 
X 


X      I 


X 
X 


X 
X 


X 
X 
X 


X     I 
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X 
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If 

»» 

>f 


OSTRACODA. 

Beyrichia  {M^Coy) 

(Rntomis)  impendenB  {Jones) ... 
Klcedeni  {APCoy)         

AS  V  Cb& •  •••  •••  ••• 

(Fintomis)  tuberosa  (/o7te«) 

BIJa  •«■  ■••  ••«  ••• 

Cythere  {Muller) 

,,       umbilicata  (/oite^) 

Entomis  {M*Coy) 

A  •  9ft#*       •■•  •««  •■•  >••  ••» 

PUYLTiOCARIDA. 

Aptychopsis  {Barraiuit) 

oblata  (./ones)... 

ovota  [Jonen) 

Wilsoni  (  Woodw, )     ... 

BIJ«  •«•  ••*  ■•• 

Ceratiocaris  {M^Coy) 

,,  anguBta  {Jones  and  Wcodw.) 

,,  inequalis  (^arr.) 

inomata  (il/*Coy) 
laxa  {Jones  and  Woodw.) 
ludensis  ( Woodw. )     ... 
Murchisoni  (J/* Coy)... 

papilio  {Salt.) 

patula  {Jones  and  Woe  iw. ) 

,,  robusta  (<S(2/^) 

,,  stygiai.SW^) 

.,  tyrannuB  {Salt.) 

Discinocaris  (Woodicard) 

«  a  DL^»  »••  ■■•  VAt  •• 

Peltocaris  {Salter) 

,f        aptychoides  (/So/-^.)       

Trilobita. 
Acidaspis  {Mnrchison) 

,,         Brighti  {Murch.) 

•  a  S&#a  t*a  ••■  «•■  <■• 

Calymene  {nroriffniart) 

Blumeiibachi  {Brong.)  ... 

BLJa  •••  ■■•  ■••  ■• 

Cheinirus  {Beyrich) 

,,         bimucronatus  (3fttrcA. ) 
Encrinunis  {EmmTHch) 

punctatus  {Brun.) 

„         v&r.  arenAcewB  {Stilt.) 

a  a  BlJ*  ■•«  •••  ■••  • 

lUienus  {Dahnan) 

PhacopH  {Emmrich) 

caiidatiis  ?  {Briinn.)       

Downingifc  (J/m/'cA.) 

Stokesi  {M.  Edw.)  


II 


II 


II 


II 


II 
II 
II 
II 
II 
II 


II 
II 


II 
11 


II 


II 
II 


11 


sp. 
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X      I 
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1 

Trilobita — continued. 

Proetus  (Steininger) 

„       Stokesi  (ifttrcA.) 

X 

X 

Trinucleiis  {Lhioyd) 

„         (?)  Benniei  (^^A.i  jnr.)           

X 

XiPHOSUBA. 

Neolimulufl  ( Woodward) 

,,          falcatus  ( Ifooe^u;. )     

X 

EURYPTEBIDA, 

Bembycosoma  {Laurie) 

1 
1 

1 

,,            pomphicus  (Lanrie)           

X 

DrepanopteruB  {Laurie) 

( 

1 

,,             bembycoides  (Laurie)      

X 

,,             lobatus  {Laurit)...           

X 

,,             pentlandicus  {Laurie)     

Eurypterus  {Dekay) 

X 

,y         Gonicus  {Laurie)        

X 

,,          cydophthalmuB  {Laurie)      

X 

,,         lanceolatus  (6W^.)      

X 

, ,          minor  {Laurie)           

X 

„         obesus  (fToodtc.)        

X 

,,          punctatua  ?  {ScUt.) 

'      X 

,,         scorpioides  ( ffbodtr. ) 

X 

X 

,,          scoticuB  (Zat(We)       

X 

,,         dolichoscelus  (Z^um)          

X 

1 9                    B LI*                   •••                  ■••                  »••                  >•■                  •••                  ••• 

X 

X 

t  )                            op*                          ...                         ...                         ...                            ..                         ...                         ..a 

X 

)  1                      sp*                     ...                    ...                    ...                    ...                      ..                    ... 

X 

1 

Pterygotus  {Agaaaiz) 

1 

„          bilobus  (/S'o/^.) 

X 

X 

, ,               , ,      var.  accidens  (  Woodw. )      

X 

,,               „      VBT,  inomAtus  {Woodw.)     

X 

,,               ,,      var.  peromatus  (^a/<.)        

X 

,,          raniceps  (FToodw.) 

X 

Sliraonia  {Page) 

1 
1 

„       acuminata  (iS^o/^. )            

X 

X 

X     !     X 

,,        dnhisi  {Laurie)     

X 

Stylonurus  {Pa^e) 

,,         elegans  (^urte)         

X 

,,         Jjog^m  {Woodio.)        

X 

,,          macrophthalmus  (Xaurie) 

X 

,,         omatufl  {Laurie)        

X 

X 

1 

Arachnida. 

Palaeophonus  {Thoreil  and  Lindstrom) 

,,             caledonicus  {HuiUtr)       

X     I     X     ■ 

y  y             loudononsis  ( Laurie)       

X 

Myriapoda. 

ArchidesmuB  {Peach) 

,,            loganensis  (PeocA) 

X 

y  y                                           Sk/«                      aaa                              ■•*                              »»•                               •■•                              •••                               «*a 

X 

X 
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POLTZOA. 

Geriopora  {Odd^uss) 

„        granulosa  ((?o/c{/.)         

Diastopora  {Lamouroux) 

,,         irregularis  (Z^iMof.) 

«  •  0ft^«  •••  •>•  »•«  •••  •! 

Glauconome  {Lowidalt) 

,f  cliBticlia(G'o/r(/'.)         

• ^  OB'*  ••»  •••  •••  •■«  •< 

Ptilodictya  (Lonsdale) 

„         dichotoma  (Port/. )     

, ,         fucoides  {M*Coy)        , 

,,         lanceolata  (6^^.) 

,,         (Fenestella)  scalpellum  {Lotvsd.) 

y  y  ^mJm  •••  •••  •■*  i««  »i 

Braciiiopoda. 

Athyris  {M'Goy) 

y ,        (Glassia)  compressa  {Sow. ) 

m  f  O&^a        •••  ••■  •••  ••■  •••  ■< 

Atrypa  {DcUman) 

(Leptoccelia)  hemispherica  (iS^ot'A ) 
reticularis  {Linn. )  


sp. 


Choiietes  {FUcher) 

striatella  {Dalm. )  

Ol^*  •••  •■•  •■■  »«•  ■•■ 

Crania  {Betziint) 

, ,      (Pholidops)  iniplicata  {Sow. )        

Cyrtia  {Dolman) 

(Spirifera)  exporrecta  ( fKoA/. )     

Discina  {Lamarck) 

rugata  {Sow. )        

striata  {Sow. )        

Glassia  {Davidmn) 

(Athyris)  compressa  (iSW;.)        

obovata  {Sow. )      

Iicptaena  {Dcdman) 

sericea  {Sow. )       

(Plectambonites)  trausversalis  (  Wahl. ) 

%  %  iSLf*         •■•  ■■•  •■•  ■••  «■•  »ai 

Liugula  {Brugnih't) 

lata  {Sow. )  

Lewisi  {Sow.)        

minima  {Sow. ) 

Symon^si  {Salt.) 

OIJ*      •••  •••  •■•  •■•  ••«  ■■• 

MeristeUa  {Half) 

,,  MacLareni  (/Tokric. )     

f,  ( Whitfieldia)  tumida  (Z>a/m.) 

Nucleospira  {Hall) 

,,  pisum  (^ote^.) 

■  •  D  9^*  •««  •«■  *«•  •••  t** 

Orbiculoidea  {D'OHngny) 

Forbesi  {Dav. )         
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11 


»i 
« 1 
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X 
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X 
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X 
X 


1  A 
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I  X 

i  ^ 
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Bbaohiofoda— con^muecl. 

Orthis  (Dolman) 

baaalis  (/Xi/m.)       

biforata  ('S^'C^.)       

(Bilobitee)  biloba  (Jytnn.) 

Bouchardi  (i>at7. ) 

calligramma  {DcUm. )        

(Dalmanella)  elegantula  {DcUm, )  

1 1  VcUT*       •■•  •■•  ••■  •■• 

( Dinorthis)  flabellulum  {Sow. )     

(Skenidium)  Lewisi  (2>av.)  

minata  {irasu>eU)  (young  of  Strophomena  pecten) 

polygramma  (iSbto. )  

reversa  (&i^^ )         

rustioa  (jSoto.)         

O l^«  •••  ■••  ••*  •••  ••■  •••  •• 

PhoUdops  {ffaU) 

„         (Crania)  implioata  (iS'oto. )       

Retzia  (King) 

)f      Barrandei  (.Dat^.) 
Rhynchonella  {Fiacher) 

borealis  {ScM, )      

diodonta  {Dalm. )  ( = Orthis  borealis)   . . 

nucula  (iSofo.)         

pentlandica  (^(MM^.)         

WiliBoni  (jSoto.)       

Oft/*  •••  ■«•  •■•  •■«  •*•  •• 

Siphonotreta  [De  Vemeuil) 

„  anglica  (iform)      

Spirifera  {Stnoer^) 
,f        crispa  (Ifis.) 

„        sulcata  (ITm.)      

Strophomena  {Bcifinesque) 

,,  antiquata  (jSit>u7. )     

,,  applanata  (iSfo/^ ) 

,,  compressa  (iSou). ) 

,,  Henderson!  {Dav.)  

,,  imbrex  (Pander)     

,,  pecten  (lAnn.) 

J ,  (Leptflena)  rhomboidaUs  ( Wilck. ) 

,,  Walmstedti  (Linds.)         

•  $  OLr*  fl»»  •■•  •••  •■•  ••• 

Lamellibbanchiata. 
Ambonychia  (Hall) 

,  f  Hendersoni  (Eth,  jnr, )      

Anodontopsis  (M*Cau) 

„  bulla  {[at*  Coy)        

,,  lucina  (&i/^ )  

,,  Salter!  (.£1^.  ;nr.)  

■  ft  BL^  •«•  ■••  •••  ••«  ■••  •• 

Cardiola  (Broderip) 

fibrosa  (oSmr. ) 

interrupta  (^rod.)  

O  L/v  ■••       •»«       •••       •••       •••       •••       •• 

Ctenodonta  (Salter) 

,,  obesa  (iS^.)    ... 


»» 
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Lamkllibrancuiata — continued. 

Ctencxlonta  pentlandica  ( Eth.  jnr. ) 

ty  quadrata  (ilf^Coy)     

, ,  (Orthonota)  thracioides  {Halt. ) 

y  y  D  Y^*  ••»  •■*  •■■  ••* 

Cucullella  {M'Coy) 

,,  antiqua  (5au7.) 

9  y  OEi/*  *•■  ■•«  «••  •«■ 

Goniophora  {Phillips) 

, ,  c3rinb8?formi8  {Sow, ) 

Lunulicardium  (Miinster) 

»,  elegsaiB  {Sfilt.)      

Modiolopsis  {HcUl) 

(Mytilus)  chemungensis  {Conr,) 

complanata  (iSou;. )     

Nilssoni  {His.)  

platyphyllus  {Salt. ) 

0KM9  •••  *■«  •*«  ••• 

MytiiuB  {LinntKus) 

, ,       my tilimeris  ( Conr. )         

Orthonota  {Conrad) 

amygdalina  {Soto. )       

f,  var.  gentilis  {Sait.) 

bulla  {Soft.)      

decipiens  {SPCoy)       

impressa  {Sow.)  

rigida  (j8bi0. ) 

rotundata  (jSioi^;. )         

Salteri  ( Etk.  jnr. ) 

solenoides  {Sow. )         

(Ctenodonta)  thracioides  {Scdt. ) 

truncata  ( Jf*  Coy)        

Ol/*  ••«  •«•  «•■  ••• 

Pterinea  {Ooffifusft) 

aeperula  (iJ/*Coy)  

pleuroptera  ( Conr. )  

retroflexairaW.)  

,i         var.  squamosa  {M*Coy) 

sowerbyana  {M*Coy)  

tenuistriata  (if* Coy)  

OmMm  ••*  •••  •■•  ••« 

TelUnomya  {Half) 

„  (Ctenodonta)  sp 

Oasteropoda. 
Acroculia  {Phillips) 

„        (Platyoeras)  antiquata  {Salter) 

y  1  8p>  ...  ...  ...  ... 

Bellerophon  {Mont/ort) 

,,  acutus  (jS'otc. ) 

, ,  carinatus  {Sow. )       

,,  dilatatus  (No^(?. )        

, ,  expansus  {Sow. )        

„  spnaera  (Z/t«d»^.)      

,,  trilobatus  (5ojr.)      

Cyrtolites  {Conrad) 

UOVm     Bp«     •••  ...  ...  ,,, 
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Lamellibranohiata— eon^d. 

Palaarca  quadrata  (S<UUf) 
„       xnodiolaria  {Salter) 

Pterinea  Sowerbjl  (M*Coy) 
„       tenuistriate  (M*Coy) 

Pleurorh>'nchus  dipterus  (Salter) 

pri0tia(5'<i/t.)  .. 

Gautiropooa. 
Acroculia  haliotis  (JSotc.). . 

Bucania  profunda  (i/olO-  • 

„         8p. 

,,       8p.  .. 

Oyclonema  cannatuni 

Oyrtolites  euryomphalus 
(LituU.)7 
„         orbiculua  {Lindt.)1 

Enomphalus  funatus  (Sow.) 

.,  granulatus  (PortL) 

qualteriatus  (Schl.) 

1 1  Bp« 

,,  sp.      .  . 

Fusi^ira  elong^ta  (Hall)  ? 
HolopeUa  obeoleta  (Soto.) 


»> 


sp. 

t«niiicincta  (M'Coy) 


Holopea  naludinifonms  (Hall) 
„       lymnieoides  (Forbes) 
Loxonema  eleirans  (M*Coy) 
Murchitonia  obecura  (Portl.'i 
(Pleurotomaria) 

bicincta  (Hall) 
simplex  (M'Coif)   . . 
canceUatula 
(M'Coif) 

sp 

sp 

Oriostoma  diseors  (Sow.). . 

J,         an^Iatuni   (Lindtt.)  'i 
Ophilela  nenne  (BUlingt) 


compacta  (Salter) 
sp. 


I 


Pleurotoinaria  turrita  (Poiilock) 
„  alata  (Sow.) 

scutulata  (Ltfvf«.) 
„  trochUormis 

(Portl.) 
„  cIauttrata(Zrtnd«.) 

.,  sp.  . . 

<i  sp. 

„  sp.  . . 

Platyoeras  cornutum  (Hmnger)i 

Platyschisma  helicites  (5oir.)   .. 
Raphistoma  sp. 

„         pianistria,  var.  pana 
(Hall)  ? 

n          isqualis  (So/ter)  ?   .. 
Trochus  Moorei  (M'Cou). . 
Trochonoma  sp 
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Mulloch  Hill,  Rough  Neuk. 

HuUoch  HiU.Rou(^  Neuk. 

Starfish  Bed. 

Caniregan  Wood. 

Ondghead,  Balclatehie  conglom«rat«, 

Minuntion. 
MuUoch  Hill,  Rough  Neuk. 


Thraive  Olen. 

Mulloch  HiU,  High  Road  Quanriea. 

Craighead. 

Ardmillan,  Balclatchie,  Dow  Hill. 

Shalloch  Mill. 

Shalloch  MiU. 

Cudd^'stone  Olen,  Penkill. 

Shalloch  MUl. 

Newlands. 

Balclatchie  conglomerate. 

Balclatchie,  Craighead. 

Shalloch  MiU. 

Whitehouse  Bay. 

MuUoch  HiU.  Rough  Neuk. 

Newlands. 

Thraive  Olen. 

Mulloch   mil,   Rough    Neuk,    PtUo- 

graptus  Bed. 
Cuddyscone  Olen,  PenkilL 
Woodland  Point. 
Woodland  Point. 
Thraive  Olen. 

Mulloch  Hill,  Rough  Neuk. 
Woodland  Point 
Mulloch   Hill,   Rough    Neuk,    PtUo- 

graptus  Bed. 
Craignead. 
Thraive  Olen. 
Thraive  Glen. 
Thraive  Glen. 

Shalloch  MUl. 
Balclatchie. 

Mulloch  Hill,  Rough  Neuk. 
Shalloch  MUL 
Woodland  Point. 
WoodUnd  Point. 
Shalloch  MiU. 
MuUoch  Hill,  Rough  Neuk. 
Shalloch  MUL 
Shalloch  MUL 
Threave  Olen. 
Craighead. 
Thraive  Olen. 
Woodland  Point 
Woodland  Point 

ArdmUlan. 

MuUoch  HUl,  Rough  Neuk. 

Craighead. 

Shalloch  Mill. 

PenkUl,  Barpany  Pond  Bun 

Newlands. 

Camregan  li^ood. 

Craighead. 

Thraive  Glen. 

Ardmillan,  Dow  HiU,  Balclatchie. 

Thraive  Olen. 
Balclatchie  conglomerate. 
MuUoch  HIU,  Rough  Neuk. 
Mulloch  HiU,  Rough  Nenk. 
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QABTEMOtODk—eontintied. 

* 

Metoptiomasp 

' 

X  • 

Oraiffhead. 
ShaUocb  MiU. 

M         8p. 

1  ^ 

»P 

^      1 

Thraive  Olen. 

»»             8p.          .  •           . . 

X 

1 

Newlands. 

ficliniiithochiton  (Ohelodea) 

1 

Grayao  (H. 

(Woodteanf)  . 

>^ 

Thraive  Olen. 

tt             sp. 

"                      ,    X 

Balclatchie. 

It                     8p. 

X 

Ardmillan,  Dow  Uill. 

Ptkropoda  ? 

Conularia  elongata  (PortL) 

X 

Balclatchie,    Dow     Hill,     Ardmillan, 

„         Sowerbyi  {Dt/rancf) . 

1 

1 

X 

Craighead. 
Craighead. 

„         bilineaU  {LUvU.) 

1 
■  I 

X 

X 

MuUoch  Hill,  Rough  Neuk. 
Thraive  Olen,  Starfish  Bed. 

,,         tnibtilia  (Salter) 

X 

1 

Woodland  Point. 

„        asperBa(Zftnd«.)? 

■ 

X 

1 

Woodland  Point. 

Hyohthes  elegans  (Barr.) 

X 

Thraive  Olen. 

„        (Theca)  opercuUitus 
(Salter) 

1                          X 

Balclatchie. 

,,              „      triangularis 
(PoHl.) 

.{ 

X 

y 

X 

Whitehouse  Bay. 
Thraive  Olen. 
Ardmillan. 

„         acutus  (Eiehtcald)    . 

:/ 

> 

X 

Balclatchie. 
Thraive  Olen. 

„         reveraus  (Salt.) 

1  ^ 

Shalloch  MUI,  Whitehouac  Bav. 

\ 

'                           X 

Balclatchie,  Dow  Hill,  Ardniiflaii. 

11         sp 

i    X 

Craighead. 

sp 

X 

Ardmillan. 

8P 

X 

1 

1 

Penkill. 

M             Hp 

X 

1        ; 

Mulloch  Hill,  Rough  Neuk. 

Ptcrotheca  corrugata  (Salti'i')  . 

1    X 

Balclatchie. 

„         transversa (.Sa/^f/)  . 

- 

X 

Ardmillan. 

».         «P 

X 

1 

Thraive  Glen. 

1.         81) 

X 

Newlands. 

sp        

X 

1 

Penkill. 

1.         sp 

'^  1  i 

ShaUoch  MUL 

HKTKB0K)D.\. 

1 

E<>eulioinpha]uH  Bucklandi 

( 

X            1 

Shalloch  Mill. 

(PortL) 

.  \ 

'           1                X 

ArdmilUn,  Dow  HUl,  Craighead. 

Isuvis  Sow.) 

1 

X    ■ 

Shalloch  MUI. 

f  f                                                    A^^rf   •    CW      *~f\'  *\    m   M                       • 

■  \ 

1 

X 

Craighead,  Balclatchie. 

sp.           ... 

X 

Woodland  Point. 

I)               sp.           .  . 

X 

Craighead. 

Ikllct'ophon  wenlockcnsis  (Soiv. 

") 

X 

Mulioch  Hill,  Rough  Neuk. 

„           carinatus  (Smr.)    . 

( 
•  1 

X 

\ 

Shalloch  MUI. 
Thraive  Glen. 

1 

X 

Mulloch  HiU,  Rough  Neuk.  Craigcn:» 

„           dilatatus  (Soiv.) 

1 
\ 

1 

Quarr>%  and  in  Wood. 
Woodland  Point. 

X 

„           8phsDra(//itid«.)?  . 

X 

Woodland  Point. 

„           biloliatus  (5oir.) 

1 
•  1 

X 

X 

Thraive  Glen,  Starfish  Bed. 
ArdmiUan,  Dow  HiU,  Balclatchie. 

„           trilobatu8(i9(Mr)   . 

i 

A 

X 

,\ 

X 

Thraive  Olen. 
Ardmillan. 
PenkUl. 
Woodland  Point 

,,           expansusC^our.)     . 

J 

i 

X 

1 
1 

X 

X 

Mulloch  HiU,  High  Road. 
Drummuck. 
ArdmUlan,  Balclatchie. 

„          punctifrons 

(Emtmyns) 

, 

X 

Craighead. 

Mul^h  HUl,  Rough  Neuk. 

„           Hnbdecussatus 

( 

X 

1 
1 

(M'Coy) 

•  ^ 

X 

Drummuck. 

„           Urci  (Fleming)     . 

, 

/ 

Dnunmuck. 

,,           aquauidsuH  (Lindtf.) 

X 

MuUoch  HUl. 

, ,           clongatus  (Partlork) 

X              1 

Thraive  Olen. 

Arfgo  (Billing fi)f   . 

1 
I 

-<           1 

X 

Thraive  Glen. 
Shalloch  MiU. 

1,            HP 

t 

X 

PenkiU. 

sp.      . .         . .         . 

■ 

X 

Newlands.  Woodland  Point. 

Appendix. 
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'      ^ 
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i      1 

k 

1 

1          ' 

HiTBROPODA— eontinued. 


Belierophon  sp. 
„  sp. 

•I  ap. 


Haclurea  magna  {Lctutur) 
matutina  {Halt)  ? 

macromphala  (M*Coff) 


•I 
I* 
»♦ 


Ckpiialopooa. 
OrthoceraH  politum  (M*Coy) 
kvelini  (SaUer) 

,,         bilineatum  (fTo/O    -•{ 
„         arcuoliratum  (Hall) 
„         ludense  (Sote.)         . .  < 

„         vagans  (Salter.) 


tenuicinctum  (PwU.) 
distans  (Sow.) 


r 


j 
{ 


imbricatuni    (Wahl.)< 


„        tracheale  (Sow.) 

mocktreense  (Sow. ) . 

„        hullatuni  (Sow.) 

„        primn>'uni  (Forbts). 

, ,        ang^latuni  (  WaM. ) . 

,,         Bacchus  (Barr.) 

aiinulatiim  (^ow.)    . . 

Orindrodi  (Blake)    . . 

fusiforme  (Hall)  ?   . . 

,,         multicinctum   (Hall) 

gracile  (Port lock)    . . 
„         suhundulatum  (Portl. 

Phragmoccrasarciiatum  (Sottf.). . 

•  I  HI.'*  •  •  •  • 

« «  911*  •  • 

Eiidoceras  proteifomie,  var. 

Htrangulatum  (Hall) 

Gomphoceraii  ap 

,,  cr&ter  (Blake) 

cinctum  (BlaJee) . . 

Poteriocerae  sp 

Cyrtoceras  victor  (Barr.)  t 
arcuatuni  (Hall) 

sp. 

compressuin  (Sow.) . . 
scotfcum  (Blake) 
annulatum  (Hall)    . . 
„        sp. 

Oncoceras  sp.        

'»        *P* 

..        «P 

Trocholites  planorbifomiis 
(Conrad) 
, ,         comuarietis  (Sow. ) . . 
Trochocerae  aspersum  (Barr.)^. . 


) 


{ 


•♦ 


It 


X 
X 
X 
X 
X 
X 
X 
X 


X 
X 


X 

X 


X 
X 


\ 


X 


X 
X 


X 


X 
X 


I 
X  i 
X  I 


X 

X 
X 


X 
X 

X 
X 
X 

X 


X 
X 


ShaUoch  MiU. 
Balclatchie  conglomerate. 
Oraigfaead,    Ardmillan,     Balclatohie, 

Dow  HiU. 
Aldons,  Tramitchell,  Minuntion. 
Balclatchie  conglomerate. 
Craighead. 
Craighead. 


Pinmore,  Waterfall  Penwhapple  Olen. 

Ardmillan. 

Craighead. 

ShfUloch  Mill. 

Shalloch  Mill. 

Shalloch  Mill. 

Thraive  Olen. 

Shalloch  Mill. 

Thraive  Olen. 

Mulldbh  Hill,  Rough  Neuk. 

Woodland  Point. 

Woodland  Point. 

SUrfish  Bed. 

Mulloch  Hill,  Rough  Neuk,  High  Road 

Ouarry. 
Woodland  Point. 
PenkiU,  Cuddystone  Glen. 
Woodland  Point. 
Woodland  Point. 
Whitehouse  Bav. 
Woodland  Point. 
PenkUl. 
Thraive  Glen. 

Mulloch  Hill,  Ptilograptua  Bed. 
Woodland  Point,  Mewlands. 
Penkill. 

Penkill,  Bargany  Pond  Bum. 
Penwhapple  Olen,  Penkill  Beda. 
Penwhapple  Glen. 
Penkill  Beds,  Penwhapple  Glen. 
Penkill,  Penwhapple  Glen. 
Penkill. 

Camregnin  Wood. 
8halIo«h  Mill. 
Dow  Hill. 
Thraive  Glen. 
Mulloc>h  Hill,  Rough  Neuk. 
Woodland  Point. 
Balclatchie  con};lomerate.  - 
Thraive  Glen. 
Ralclatchie,  Dow  Hill. 
Penkill. 

Woodland  Poini. 
Caniregan  Wood. 
Penkill. 
SUrfish  Bed. 
Woodland  Point. 
Craighead. 

Balclatchie  conglomerate. 
Penkill. 

Craighead,  Minuntion. 
Mulloch  Hill,  Rough  Neuk. 
Minuntion. 
Mulloch  Hill. 
WoodUnd  Point. 
Newlands. 

Craighead 

MuUoch  HiU,  Rough  Neuk. 

Woodland  Point. 
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No.  4. — OoMPLVTE  List  of  Fossils  from  the  Stinohab  LuaenomB 
Series  ((Jpper  Llanoeilo)  of  the  Gibvan  Distbiot  of  the 
South  op  Scotland. 


Algas.  (?) 
Girvanella  problematica  {Nich.  ds  Kih, ) 

Rhizopoda? 
Nidulites  favus  {Salitr), 

FOKAMINIFERA. 

Saccammina  Garter!  {Brody\ 

Hydbozoa. 
Cryptograptus  tricomis  {JOarr, ) 
Clathrograptus  cuneif orims  {Lapto, ) 
Cliroacograptus  bicomis  {Hall). 


nanus. 


Sch&renbergi  (Lapw.) 
~^(j31). 


Dicellograptus  sextans  {Hall) 

,,  sp. 

Dicranograptus  ramoeiis  {Hall). 

„  sp. 

Didyniograptus  superstes  {Lapw.) 

,,  sp. 

Diplograptus  foliaceus  {Murch.) 
rugosus  {Bhnm.) 


"fii 


Glossograptus  Hincksi  {Hopk. ) 

CaSLENTERATA. 
ACTINOZOA. 

Chsstetes  {FMcher). 

Favosites  girvancnsis  {Nich.  and  Eih.) 

Fistulipora  pilula  {Nich.  and  Eth. ) 

Halvsites  sp. 

Heliolites  Grayi  {Edw.  and  Haimt), 

Labechia  canadensis  {N.  and  Murie). 

Lindstromia  subduplicata  {M*Coy). 

Lyopora  favosa  {M^Coy). 

Monticulipora  girvanensis  {Nich. ) 

Petraia  elongate  {Phil.) 

Prasopora  Grayse  {Nich.  and  Eth. ) 

Propora  Edwardsi  {Nich.  and  Eth. ) 

Stenopora  fibrosa  {Goltif.) 

Streptelasma  aequlsulcatum  {M^Coy). 
aggregatum  {N.  and  E.) 
craigense  {M'Coy). 
europaeum  {Horn.) 

Stylarsea  oocidentalis  {Nich.  and  Eth. ) 

Tetradium  Peachi  {Nich.  and  Eth. ) 

Thecostegites  scoticum  {Nich.  and  Eth. ) 

Ckinoidea. 
Glyptocriniis  {Hall)  sp. 


II 
11 


Annelida. 

Comulites  {Schl.)  sp. 
Serpulites  longissimus  {March.) 

CiRRIPEDIA. 

Turrilepas  ( Woodw. )  sp. 

OSTBAGODA. 

Cy there  aldensis  {M*Cay). 

,,        var.  major  {Jones). 

grayana  {Jones). 

wrightiana  {Jones  and  Hall.) 
Primitia  barrandiana  {Jones). 


II 


II 


II 


Trilobita. 
Ampyx  {Dalnu )  sp. 
Asaphus  (Isotelus)  gigas  {Dekay). 

,,  ,,         rectifrons  {Porfl.) 

Bronteus  {Gold/.)  sp. 
Calymene  Blumenbachi  {Brong.) 
Cheirurus  bimucronatus  {Murch.) 

yy        gelasinosus  {Portl.) 
Dind^mene  {Corda.)  sp. 
Encnnurus  punctatus  {Briin.) 

var.  arenaceuB 

{SaU.) 
var.  calcareus 
{SaU.) 
Harpes  {Ooldf. )  sp. 
lUsenus  (Dysplamis)  semulus  {ScUf. ) 
,,  Bowmani  (iSff//.) 

,,  latus  {M^Coy). 

Portlocki  {Salt.) 

sp- 

Lichas  hibemicus  {Portl. ) 

Phacops  Brongniarti  {Portl. ) 

Remopleurides  Barrandei  {Eth,  <€•  Nich. ) 

Colbii  {Portl ) 
laterispinifer  {Portl.) 


11 


II 


II 


II 


11 
II 


II 
II 


II 


sp. 


Sphaerexochus  minis  {Beyr.) 
Trinucleus  {Lhipyd).  sp. 

Brachiopooa. 
Acrotreta  Nicholsoni  {Dav.) 
Crania  siluriana  {Dav.) 

II     sp- 
Discina  perrugata  {M^Coy). 
Leptcena  Etheridgei  {Dav.) 
,,       Grayi  {3at\) 
„       Uandeiloensis  {Dav.) 
,,        (Plectambonites)     quinquecos- 
tata  {M'Coy). 


Apjjendix. 
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5J 


>1 


f  > 


»» 


<> 


Brachiopoda — cantinutd. 

Hericea  {Sow,) 

,,       var.  rhombica  (M^Coy). 
( (christian ia)  tenuicincta 

(M'Coy). 
(Plectambonites)    transversaliH 

{WaM.) 
youngiana  {Daw ) 
Liiignla  attenuata  {Sow, ) 
,,       granulata  (PAi/. ) 
,,       ovata  {A£*Coy), 
,,       quadrata  (i^tc^r.) 
,,       Kamsayi  (i9a/^) 
Merktella  angustifrona  ?  {M'Coy). 
Nudeospira  pisum  {Sow. ) 
Orthis  balcletchiensis  [Dav.) 

(Platystrophia)  biforata  {ScfU. ) 
calligramma  {IkUm. ) 

,,  var.  virgata  (/S^o/^ ) 

,,  ,,  var.  scotica  {Dat\) 

, ,      confiniB  {Salt. ) 
,^     crispi  {M^Coy). 
rT     ( Dalmanella)  elegantula  (i>a/m.) 
.,      (Dinorthis)  flabeUulum  {Sow.) 
J  J     ^irvanensis  {Dav  ) 
mtercostata  {Portl.) 
protensa  {Sow.) 
sowerbyana  {JCktv. ) 
(Dalmanella)  te8tudiiiaria(Z>a/m. ) 
tiirgida  {M*Coy). 
unguis  {Sow.) 
vespertilio  {Sow. ) 
Khynchonella  temula  {Salt.) 

balcletchiensiH  {Dav.) 
Lapworthi  {Dav.) 
nasuta  {M^Coy). 
Peachi  {Dav.) 
(Hyattella)    portlockiana 

{Dav.) 
Salter!  {Dav.) 
scotica  {Dav.) 
sub-borealis  {Dav.) 
Thomson]  {Dav.) 
Weaveri  {Salt.) 
iSiphonotrela  anglica  ( j/arrw). 
,,  micula  {M*Coy). 

,,  Hcotica  {Dar.) 

Sti*ophomena  eorrugatella  {Dar.) 

,,  (Rafinesquina)      deltuidea 

{Conr.) 
,,  (Rafinesquina)  expansa 

{Sow.) 
.,  (»rayi  {Dav.) 

,,  imbrex  (Pawd. ),  var.  semi- 

globosa  {Dav.) 
Uandeiloensis  {Dav. ) 
retroflexa  {Salt. ) 
(Lept«ena)  rhomboidalis 
( WUck. ) 


1 » 

»» 
I) 


?i 


»i 


« > 


'  1 


<i 


»i 


1 J 


«» 


»j 


J' 


1 » 


Brachiopoda — continued . 

Triplesia  Grayaj  (Dav.) 
,,        sp. 

Lamullibkancuiata. 
Auibouychia  amygdalina  {Hall). 

jy  radiata  (^mm.) 

Orthonota  contracta  {Hall). 
Pleurorhynchufl  dipterus  {Salt.) 

Gasteropoda. 
Bellerophon  acutus  {Sow.) 

punctifrons  {Emm.) 
sp. 

(Bucania)  profunda  {Hall). 
Chelodes  {Dav.  and  King). 

,,        (Helminthochiton)  sp. 
Cyrtolites  {Conrad)  sp. 
Ecculiomphalus  Bucklandi  {Portl.) 
,,  Iffivis  {Sow.) 

,,  sp. 

Holopea  paludiniformis  {Hall). 
Maclurea  Logani  {Salt.) 

(Ophileta)  macromphala 

{M'Coy). 
Maocoyi  {Salt. ) 
magna  {Ltsu.) 
matutina  {Hall). 
Macrocheilus  {Phillips)  sp. 
Metoptoma  {Phil. )  sp. 

,,  (Tryblidium)  sp. 

Murchisonia  ansulata  {Soio.) 

(Pleurotomaria)   bicincta 

{Hall). 
gracilis  {Hall). 
gyrogonia  (M'Coy). 
Yitema,  {Bill.) 
Ophileta  ( Vantue)  sp. 
Pleurotomaria  {De/r.) 

(Raphistoma)  lenticularis 

{Sow. ) 
qualteriata  {Schl. ) 
Platyceras  {Conr.)  sp. 


U 

M 


»> 


H 


Pteropoda.  (?) 
Coniilaria  elongata  {Portl. ) 
,,         Sowerbyi  (/^f/r. ) 
Hyolithes  {Eivhir.)  *»p. 
Theca  [Sow.)  sp. 

Cephalopoda. 
Cyrtoceras  intequiseptum  {Portl.) 
multicamaratum  {Half). 
scoticum  {Blake). 


sp. 


j» 


Kp. 


Orthoceras  bilineatum  {Hall). 

pendens  {Blake). 

politum  {M'Coy). 

sp. 
Trocholites  planorbiformis  {Co^irad.) 
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OgnAooi>A— continued. 

Primitia  Krauaei  (i/one*) 

nrvanensifl  (Jones) 
Gray  SB  (Jones)  . . 
mundula,  var.  flmbriata 
(Jones) 
„       mundula,    var.    kloxle 
niAnA  (Jones). 
,,       ulrichiana  ( Jbne«) 
„       barrandiana  (Jones)    . 
Beyrichia  Kloxleni  (Jf'Coy) 

„  „       var.     infecta 

(Jones) 

„  „        var.     Scotica 

(J VMS  Ji  HoU.) 

„        \mpax  (Jones)  .. 

, ,        comma  (Jones) . . 

Ulrichia  girvanensis  (Jones) 


•t 


„        Jrayas  (Jones)  . . 
Sulcuna  pmurrens  (Jofies) 
Cypridina  Qra^  (Jones) 
Oythere  aldensis  (M'Coy) 
„  „       var.  major 

(Jones) 
grayana  (Jones) 
wrifl'htiana  (Jones  and 

HoU)    .. 
sp. 
up. 


It 
II 


X    I 


PHTLLOPODA  AMD  CiRRBPIDIA. 

PinnocariB  Lapworthi 

(Etk.Jun.). 

Turrilepas  Peachi  (E.  and  N.)  . 

„        scotica  (E.  and  N.) 

f  y  dJI*  ■  ft 

POLYZOA. 

Fenestella  assimilis  (Lonsd.) 

patula  (M'Coy) 

Milled  (Lonsd.) 
subantiqua 

QyOrbigny)  . 

8p. 

sp.  

sp. 

0XJ*  •  •  •  • 

Olauconome  disticha  (Gold/.)    . 
Oorgonia  regularis  (Portl.) 
Hippothoa  inflata  (Xieh.) 
Rhinopora  verrucosa  (Hall) 

Retepora  sp. 

Ptilodictya  costellata  (M*Coy)  . 


dichotoma  (Portl.) 
lanceolata  (Ooldf.) 


{ 


Brachiopooa. 
Ling^la  canadensis  (Billings)   . . 

„       quadrata  (EickicaM)    . .  | 

„       Ramaayi  (Salter) 
„       granulata  (Phillips) 


>i 


attenuata  (Sow.) 


■■{ 


>: 


X. 


X 
X 


X 

X 
X 
X 
X 


X 
X 


X 

X 


X 
X 


X 
X 
X 


X 

X 


X 
X 

X 
X 


X 
X 

X 

X 


I 


X 


X 

X 
X 


I    X 


Whitehouae  Bay. 
Whitehouse  Bay. 
Whitehouse  Bay. 

Whitehouse  Bay. 

Whitehouse  Bay. 

Whitehouse  Bay. 

Aldons. 

Thraive  Glen,  Whitehouse  Bay. 

Whitehouse  Bay. 

Barony  Pond  Bum. 
Whitehouse  Bay. 
Thraive  Glen. 
Whitehouse  Bay. 
Whitehouse  Bay. 
Barprany  Pond  Bum. 
Whitehouse  Bay. 
Whitehouse  Bay. 
Aldons. 

Aldons. 
Aldons. 

Aldons. 

Newlands. 

Auchensoul. 


Balclatchie,  Ardmillan. 

Drummock,  Starfish  Bed. 

Whitehouse  Bay. 

Thraive  Glen. 

Balclatchie,  Dow  Hill,  Ardmillan. 

Newlands. 


Woodland  Point. 

Penkill. 

Woodland  Point 

Woodland  Point 

Penkill. 

Woodland  Point 

MuUoch  Hill,  Bough  Neuk. 

MuUoch  Hill,  High  Road. 

Newlands. 

Shalloch  Mill. 

Woodland  Point 

Woodland  Point 

Woodland  Point. 

Woodland  Point 

Balclatchie. 

Mulloch  Hill,  Rough  Neuk. 

MuUoch  Hill,  Rough  Neuk. 

Balclatchie,    Dow    Hill,    Ardmillan, 

Craighead. 
Woodland  Point 
Penkill,  Baivany  Pond  Bum. 
Dow  Hill. 
Woodland  Point 


Balclatchie  conglomerate. 

Shalloch  MUl. 

Craighead. 

Craighead,  Balclatchie,  Minuntion. 

Ardmillan,  Balclatchie,  Minuntion. 

Drummuck. 

Shalloch  Mill,  Whitehouse  Bay. 

BalcUtchie,  Ardmillan,  Dow  HUl. 
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• 

.    1 

i'    2? 

^ ; 

»       o 

« 

>   1   5 

> 

O    1  ^ 

o 

•c     •« 

-d 

1 

II' 

.J 

J      -3 

• 

33 

1    4 

ki4 

*^     Si 


B&ACHIOFODA — eonft  nued. 


Lingula  ovata  (M'Coy)    . . 

brevis  (Portlock) 

„      Sjmondsi  {StUter) 

DinoboIuB  Da^idnoni  {Salter) 

OrMcuIoidea  Forbcsi  (Dar.) 

Disdna  oblongata  (Portl.) 

„      perrugata  {M'Coy) 

craaw  {Hall)  ?    . . 
„      rugata  {Sow.) 

Paterula   baldetchien^ifl  (Z)ai'.)| 

Siphonotreta  acotica  (Dav. ) 
„  micula  M'Coy) 

Acrothele  granulata  {Lin%ir.) 

Omnia siluriana {Dav.)    ..        ..\ 


X 


X 


X    1 


) 


X 

X 


X 
X 


„     Ilandoveriana  (Dav.) 

M       BP 

M  »P 

Pholidopfl  implicata  (Sme.) 


I 


Aorotreta  Nicholsoni  (Dai!'.) 

„    coBtaia  (Dav.) 
Rpirifera  plicateUa,  var.  radiata 

{Sow.)  .. 
Oyrtia  expoirecta  {Wahl.) 
Nudeospira  pimim  (Sow.) 
Merifltella  (Whitfleldia)   tumida 
{Dalm.) 

„  angustifrons  {M*Coff) 

AthjTis  sp.  . . 
OhiMia  obovata  {Soio.) 
MerUta  c>nnbula  (Dav.)  . . 

Atrypa  reticularis  (Linn.) 


i 
I 


Imbricata  {Sow.) . .        ..I 

800tica(Jf 'Coy}r.. 
Triplesia  Graye  {Dav.)    .. 

„       spiriferoides  {M'Coy)  . .  | 

monilifera  (Jt'Coj^) 
incerta  (Z>0p.)  .. 


X 
X 
A 

X 


'     X 
X 

X 


X 


ft 


I'orambonites  interoedens 
{Pander) 

i.4eptocoBlia  heniispherica  {Sow.) 


Pentamerus oblongus {Sow.)      ■  {'  ^ 
globomia  (<S(H0.)  <  x 


undatus  {Sow.) 

galeatoi  09otr.) 
rotundus  {Sow.) 


I 


x 

X 


> 

3 


T3 


X 
X 


X 
X 
X 


X 

I     X 


Craighead. 

Dnimmuck. 

Mulloch  Hiil,  Rough  Neuk. 

Ardmilian. 

SbiUloch  Mill.  Whitehouae  Bay. 

Penkill,  Bargany  Pond  Bum. 

Woodland  Point 

Mulloch  Hill,  Rough  Neuk. 

Woodland  Point. 

Mulloch  HUI.  Bough  Neuk. 

Woodland  Point. 

Balclatchie,  Ardmilian,  Dow  Hill. 

Balclatehie,  Ardmilian,  Craighead. 

Shalloch  Mill. 

Penwhappie  Glen. 

Bargany  Pond  Bum. 

Balciatohie. 

StarAflh  Bed,  Thraive. 

Craighead,  Minuntion,  Starfish  Red. 

Balclatchie,  Ardmilian. 

Dow  UiiL 

Woodland  Point. 

Mulloch    Hill,    Rough    Neuk,    High 

Road  Quarries. 
Newlands. 

Starfish  Bed,  Thraive. 
Ardmilian,  Craighead. 
Mulloch    Hill,    Rough    Neuk.     High 

Road  Quarries. 
Penkill. 

Woodland  Point,  Newlands. 
Shalloch  MilL 
Bargany  Pond  Bum. 
Craighead,  Balclatchie,  Ardmilian. 
Balclatchie. 

Bargany  Pond  Bum,  Penkill. 

Penkill. 

Bargany  Pond  Bum. 

Bargany  Pond  Bum. 

Mulloch  Hill,  Rough  Neuk.  High  Road. 

Auldthoms. 

Whitehouse  Bay. 

Penkill. 

Thraive,  Drummuck. 
,  Penkill,     Penkill     Limestone,     Pen- 
whappie Glen. 

Woodland  Point 

Mulloch  Hill,  Rough  Neuk,  High  Road. 

Penkill,  Bargany  Pond  Bum. 

Woodland  Point. 

Mulloch  HiU. 

Craighead. 

BtarUsh  Bed,  Thraive  Glen. 

Ardmilian. 

Woodland  Point 

Penkill,  Bargany  Pond  Bum,  Cuddy- 
stone  Glen. 

Craighead. 

Shalloch  MUl. 

Camregan  Wood. 

Auldthoms. 

Mulloch  Hill,  Rough  Neuk,  High  Road. 

Penkill,  Cuddy  stone  Glen. 

Newlands. 

Penkill. 

Woodland   Point    Newlands,    PtUo- 


graptUB  Bed,  Craigens  Quarr>-. 
Penkill,  Cuddx-stone  Glen. 
Penkill. 


Penkill,  Penkill  Beds,  Penwhappie  Glen. 
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Tfu'  Silm^n  Mocks  of  Scotland. 


Brachiopoda— continiMd. 

Pentamenu  •hallockiensis 

(Dar.)? 
Stricklandinia  lens  (>9air.) 


lirata  (Sow.) 
halcletchienBiH 
{Dav.).. 
Rhyuchonella  eniula  (Salter)    . . 
Salteri  (/>ar.) 
nosuta  (M'Coy) 
Thomsoni  (Dav.)  . . 
portlockiana  (Dav.) 
Lapworthi  (Dae.)  .. 
suh'horealis   (Dap.) 


•  • 

»f 

•  » 


I 


runeata  (Dalm.) 

euneata,    var.   ard- 
millanenms  (Dav.) 
euneatella(/>af.)  .. 
Peaehl  (Dar.) 
yVeAven  (Salter)    .. 
llando  veriana  (Dav.) 
nucula(5atr.)Y 
shallookiensis  (Dar.) 
»cotica(Z>ap.) 
ifirvanenaiH   (Dav.) 
Wilsoni  (Sow^ 
tialclatchieniris 

(Dav.) 
deceiuplicata  (Sow.) 
sp. 

sp 

sp. 

Skenidium  Ijewliii,    var.  wood- 
landen8i8(Z)aF.) 
Qrayi  (Dav.). . 
shallockiensis  (Dav.) 


n 
»» 
»» 
«l 
•f 
n 

•  I 
»» 

»» 

•  t 
l» 
t> 

l« 


It 


{ 


Orthis  biloha  (Linn.) 

„      polygramnm,     var.    Fent-| 
landica  (i>ai'.)\ 

„      turgidaCW 'Coy)    ..  { 

„      Bouchardi,var.  baldatchi* 
ensisCDav.)  .. 
„      hitortktA(Schlnt?i)  . . 


fi 


If 


n 


calligranima  (Dalm.) 


■■] 


>> 


var.  scotica 
(Dav.) 

var.  vinn^ta 
(Salter) 
„  var.  ])IicatA 

(Sow.) 

mullockends  (Dar.) 

confinis  (Salter)    . . 

veipertillio  (Sow.). . 

KirvanensiB  (Dav.) 
intenxwtata  (Portl.) 

Lapworthi  (Dav.) . . 


„     tMtudinaria  (Dal) 


( 


•I 


X 

X 


'£ 

ery. 
ery. 

, 

A     * 

> 
o 

S      g 

ffi 

A    i  1 

e 

•C        "O 

u 

S,        u 

3 

3    a 

9       -O    1     w    1 

CL     1    .S             A 

* 

p 

a  '  Ji  , 

1  ^ 

I  .< 


I     X 


I     X 


X     I 


< 

X 


•5       o 


a 


X 
X 


X 
X 
X 

X 
X 

X 


X 
X 
X 
X 


X 
X 


I  > 

X 
X 


t    X 

I     X 


X 
X 


X 

X 


X 

X 


X 
X 


ShaUoch  Mill. 

Woodland  Point,  Newlanda,  MuUoch 

HiU,  Rough  Neuk. 
Woodland  Point 

Balclatchie  conjdomerate. 

Craig:head. 

Craiffhead. 

Oraighead,  Balclatchie,  Minuntion. 

Oraighead. 

Craighead,  Balclatchie. 

Craighead. 

Craighead. 

Mulloch  Hill.  Rough  Neuk,  High  R<Md. 

Auldthoms. 

Camregan  Wood. 

Ardmillan. 

Balclatchie  conglomerate. 

Craighead. 

Craighead. 

Camregan  Wood. 

Balclatchie  conglomerate. 

Shalloch  Mill. 

Craiffhead. 

Balclatchie  conglomerate. 

Camregan  Wood. 

Balclatchie,  Craighead,  Minuntion. 

Mulloch  HUI. 

Craiffhead,  Balclatchie  conglomerate. 

Newlanda. 

Dow  Hill,  Ardmillan. 

Starflfih  Bed,  Thrai%'e  Glen. 

Woodland  Point. 

Starfish  Bed,  Thraive  Qlen. 

ShaUoch  Mill. 

Shalloch  MUl. 

Woodland  Point. 

Bargany  Pond  Burn. 

PenkilL 

Woodland  Point 

Penkill  Limestone,  Penwhapple  Glen. 

Craighead,  Balclatchie  conglomerate. 

Craighead,  Balclatchie  conglomerate. 

Craighead. 

Penkill  Limestone,  Penwhapple  Olen. 

Shalloch  MilL 

Craighead,  Aldons,  Tramltchell. 

Ardmillan,  Minuntion. 

Shalloch  Forge. 

Craighead. 

Balclatchie  Beds,  Doularv. 
Balclatchie  Beds,  Ardmillan. 
Woodland  Plint 

Mulloch  HiU,  Rough  Neuk,  High  Road. 
Auldthoms,  Starfish  Bed,  Thraive  Olen. 
Minuntion,    Benan    Bum,     Doulaiig, 

Tramitchell. 
Craighead. 
Shalloch  MUl. 
Craighead. 
Aldons. 
Shalloch  MUL 
I  Balclatchie  conglomerate. 
Shalloch  MiU. 

Craighead,    Balclatchie,    Dow    HUI, 
Ardmillan. 
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o 
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BuMmiovOD  A— -continued. 

Orthifl  fUbelluIum  (.S^u*.) 

crispa  (M*Coy) 

kilbuchoensis  (Da v.) 
safpttifera  {M'Coy) 

sowerbyana  (Dav.) 


elegantula  (Dai.)  . 

nina  (Dav.) . . 
rustica  (Soa.) 


I 


fl 


„      var.  ripda  (/)flp.){| 

Actonin  (S<nv.) 
reversa  (SalUr) 
protenaa  (Soic.)  . .     i 

Ranktni  {Dav.)  . .  |  ! 

Carausii  (iS!ii/^^r)   .. 

8p. 

8p 

Strophoniena  WalniAtedti  Cf^ind*.) 


M 


>« 
II 

II 
II 

II 


X 


r,    X 


Strophoniena  rhomfwidalis 
iWiiek.) 


applanata    (Salter) 


antiquata  (Sow. 


It 
•I 
II 


p6ct«n  (Linn.)     . .    \ 

imbrex,  var.  senii- 
globo8ina(Dap.)    { 

compressa  (Sou?.). .  |     ^ 

simulans  (M*Coy). . 
insculpU  (£r<»/0  .. 
llandeiloensiB  ( Dao. ) 


{' 


II 


II 
II 


delUAdesk  (Conrad. ){  i 
retroflexa    (Salter) 


oorrugatella  (Dav.y 


expanaa  (Sow.) 

grandU  (Sow.) 
arenacea  (SaUer) . .  | 


I 


O 

a 


I 

•X 

!  X 


X 
X 


X 
X 


X    ! 


X 


i  starfish  Bed,  Thraive  Glen. 
X  ,  Craiirhead,  Ardmillan. 

Starfish  Bed. 
X      Ardmillan. 
X  I  Ardmillan. 

Mulloch  Hill,  Rough  Neuk. 
'  Starfish  Bed. 
i  Shalloch  Mill. 
X  I  Craighead,  Balclatchie  conglomerate. 
Penkill,  Borgany  Pond  Bum. 
Newlands,  Woodland  Point. 
Mulloch   HUl,    Rough    Neuk,    Ptilo- 

graptusBed. 
Thraive  Glen. 
ShaUoch  MUl. 
Oraighead,  Balclatchie. 
Whitehouse  Bay. 

MuUoch  Hill,  Bough  Neuk,  and    in 
Wood. 
I  Cuddystone  Glen,  Penkill  Beds,  Pen- 
whapple  Glen. 
Woodland  Point. 
Penkill  Beds,  Penwhapple  Glen. 
Starfish  Bed. 

Penkill  Beds,  Penwhapple  Glen. 
Beiian  Crag. 
I  Starfish  Bed. 
X  I  Ardmillan. 
X  I  Ardmillan. 

;  Shalloch  MiU. 
X      Balclatchie  Beds. 
X  I  Ardmillan. 
Starfish  Bed. 
I  Cuddystone  Glen. 
■  Penkill,  Penwhapple  Glen. 
!  Newlands,  Woodland  Point. 
'  Mulloch  Hill,  Rough  Neuk,  Craigens, 
PtilograptusBed. 
Starfish   Bed,    Thraive    Glen,    Auld- 

thorns. 
Shalloch  Mill. 
Craighead. 

Penkill,  Bargany  Pond  Bum,  Cuddy- 
stone Glen. 
Newlands. 

Newlands,  Woodland  Point. 
Bargany  Pond  Bum,  Penkill. 
Woodland  Point. 
Mulloch  Hill,  Rough  Neuk. 


Craighead,  Balclatchie  conglomerate. 

Camrmu  Wood. 

ArdmiUan. 

ShaUoch  MUl. 

ArdmiUan. 

Craiffhead,  Ardmillan. 

Balclatchie  conglomerate,  Craighead, 

Dow  HUl,  Ardmillan. 
Woodland  Point. 

Craighead,  Dow  HUl,  ArdmiUan,  Bal- 
clatchie conglomerate. 
Balclatchie,  Renan  Crag,    Dow   Hill, 

Ardmillan. 
Woodland    Point,    Newlands,    Rough 

Neuk. 
ShaUoch  MUl. 

Craighead,  Minuntion,  Doularg,  Ard* 
millan. 
,  Auldthoms. 

!  Mulloch  HiU,  Rough  Neuk,  High  Road. 
I  Thraive  Glen. 
!  Camregan  Wood. 
I  Woodland  Point. 


X 
X 
X 
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The  Silurian   Bocks  of  Scotland. 


> 

o 


^^ 


> 
o 


^  J 


BKACHioroDA— «on<Mu«(i. 

Strophomtna  Waltoni  (JDav.) 
M  slutUoclcleusIs 


sp. 
sp. 


(Air.) . . 


(    X  ' 


Ltptana  miIcm  {Sow. 


I  • 
^  I 

I 


•t 


▼ar.  rhombica 


r  X 


•I 
If 
•f 


tranaverutUa (ITaA/.)  ..- 

quinquccoatota  (M^Cay)- 
tenuidncte  (M'Coy) 

aegmentum    {AngfUn)  \  *  x 

youn|rtana  (Dap.) 
Ethendfipei  (Dav.) 
Ilandeiloenals  {Dav.)    . . 
Orajii  (Dar.) 

•ciaaa (&i(f.)  ..  [ 

Lamxllibraxchiata. 

Amhonychia  radiata  (J?mm4>n«)' 

„  orbicularia 

{Conrad.) 

M  ainygdalina  {Hail)- 

helliiitriat«(^ff^O 

M  sp 

Avicuia  elliptica  (Ha//)   .'. 

•f      ■? 

ft         vpi    ■• 

Oardiola atriata {Sow.)    ..        ..     ] 

»       •?•  

„       flDroaa(.$im'.)    .. 
Otenodonta  tL^ta,rtmtoTnaM{SaU^r) 
varicoaa  {Salter) 
Eaatnori  {Mureh.)  . . 
levata  {Hall) 
sp. 
Nucuia  aubacuta  (^'Co]/) 

Ooniophora  c>-Tnbnfonn{8  {Sotc.)  | 

»t  ■? 

Mytllua  aemirugatua  {Purtl.) 
„      gradatua  {Salter) 

„      mytiliineria  {Conrad.)  . .  | 

Lunulicardium  elegana  {Salter) 


I 


(     X 
X 


X 
X 


X 

X 


Orthonota  undatA  {Sow.) 


>f 
II 

M 


coDtrocU  {Hall) 
prora  {Salter) . . 
aemiaulcata  (Sotr.) 
rigida  (5otc.)  .. 


{ 


X 
y 


•< 


•<    i 
X    I 


I     X 


>■ 


i 


n     ^ 


X 
X 


X 
X 


X 
X 


X 
X 


X 

'    X 
,     X 


X 
X 

X 
X 


X 
X 

X 

X 


Ciidd>'atone  Glen. 

Shalloch  Mill. 

Dow  Hill,  Ardmillan,  Oraighead. 

SballochHilL 

Penkill.  Camregan  Wood. 

MuUoch  Hill,  Rougli  Neuk. 

Shalloch  MiU. 

Starflah  Bed,  Auldthorna. 

Craighead,  Minuntion,  Balclatchie. 

Oraighead,  Balclatchie  conglomerate. 
Camregan   Wood,    Penkill,    Bargany 

Pond  Bum. 
Woodland    Point,    Newlands.    PtUo- 


graptua  Bed. 
iUioma.  Starflah  Bed. 


Auldt 

Craighead,  Balclatchie  conglomerate. 

Woodland  Point. 

Shalloch  Mill. 

Ardmillan,  Balclatchie. 

Shalloch  Mill. 

Balclatchie,  Ardmillan. 

Balclatchie  conglomeraU'. 

Woodland  Point. 

Ouddyatonc  Glen. 

Shalloch  Mill. 

Craighead,  Balclatchie  conglomerate. 

Craighead. 

Craighead  ArdmiUan. 

Craighead. 

Woodland  Point. 

Balclatchie^  Ardmillan. 


Ardmillan. 

Shalloch  Mill. 

Craighead. 

MiiUoch  Hill,  Rough  Neuk. 

Woodland  Point. 

Woodland  Point. 

Craighead. 

PenkilU 

Ardmillan,  Dow  Hill. 

Penkill. 

Woodland  Point. 

Ardmillan. 

Penkill. 

PenkiU. 

Woodland  Point. 

Penwbapple  Glen. 

Ardmillan,  Dow  Hill. 

Ardmillan. 

Thraive  Glen. 

Balclatchie. 

Mulloch  Hill,  Rough  Neuk. 

Balclatchie. 

Penkill. 

Woodland  Point 

Ardmillan. 

Penkill,  Bargany  Pond  Bum. 

Shalloch  MiU. 

Woodland  Point. 

Penkill. 

Penwhapple  Glen. 

Mulloch  Hill,  Rough  Neuk,   and    in 

Wood. 
Newlanda. 
Cndghcad. 
Starflah  Bed. 

Mulloch  Hill,  Rough  Neuk. 
Camregan  Wood. 
Penkill,  Cuddyatone  Glen. 
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LaMELLIBRANOBIATA— CMUtf. 

Palnarca  quadrata  (SetUer) 
„       modioUrifl  (Salter) 

Pt«rinea  Sowerbji  {M*Coy) 
„       tenuistriata  (M^Coy)     . 

PIeurorh>'nchu8  dipterus  (SaiUr) 

,,  pri8ti8(iSa<t.)  .. 

Oahtbropooa. 
AcroculU  haliotis  (Sow.). . 

Bucania  profunda  (Half) . . 

M  «P.  

Cyclonema  cariuatuni 

M         "P 

Oyrtolites  euryomphalus 
(Linds.)f 


•I 


orbiculus  (Lindi.)7  . . 
Enomphalus  funatus  (Sow.) 

op*  •  ■  •  * 

granulatus  (Portl.'i 
qualteriatuB  (Schl.) 

sp 

sp. 


*i 


sp. 


Fufospira  elongaU  (HaU)  ? 
Holopella  obsoleta  (Sow.) 


tentiicincta  (M*Coy) 


Holopea  paludiniformis  (Hall)  . . 
„       lymnaaoides  (Forbes)    . . 
Loxoneoia  eleirans  (M*Coy) 
Hurchisonia  OMCura  (Portl.)    . . 
„  (Pleurotoniaria) 

bicincta  (Hall) 
„           simplex  (M^Con)    . . 
„          cancellatula 
(M*Cou) 
t.  sp 


II 
»1 


Orio8tomadi»cor8(.S'ou'.)..        .1 

J,         angulatum    (Liiidif.)  ? 
Ophileta  nerine  (Billings) 

„       compocta  (Salter)        . .  I 

If  Of^m      •    •  •   • 

Pleurotomaria  turrita  (Poiilock) 
alata  (Sow.) 
scutulata  (Zrtnd«.) 
trochifonnis 
(PoHl.) 
. ,  daustrata  (Linda.) 

„  sp.  . . 

..  sp 

II  sp.  . . 

Platyceras  comutum  (Hisinger)< 

Platvschisnia  helicites  (Sow.)   . . 
Rapnistoma  sp 

„         planistria,  var.  pcura 
(Halt)  7 

„          nquaUsrSti/eer)?    .. 
Trochus  Moorel  (M*Coy). . 
Trochonema  sp 


• 

• 

• 

c 

S? 

b 

V 

s> 

« 

> 

> 

> 

o 

o 

o 

"S 

T 

g 

§ 

C 
e 

3 

S 

*J 

• 

^ 

1 

i 

I 


^   I    6 


t 


X 


X 
X 


>: 


X 
X 


X     I 


X 


X 


I 

X   . 

X   i 


X 
X 


X 


X 
X 


X 
X 


X 

X 
X 


X 
X 


X 
X 


X 

X 


.     X 


X 
X 


X 
X 


X 
X 


X 
X 


X 
X 


Mulloch  Hlll»  Rough  Neuli. 

Mulloch  Hill,Bough  Neuk. 

Starfish  Bed. 

Caniregan  Wood. 

Craighead,  Balo}atehie  conglom«nit«, 

MinuntioD. 
MuUoch  Hill,  Rough  Neuk. 


Thraive  Glen. 

Mulloch  HiU,  High  Road  Quarries. 

Craighead. 

Ardmillan,  Balclatchle,  Dow  Hill. 

Shalloch  Mill. 

ShaUoch  MilL 

Cuddyatone  Glen,  Penkill. 

ShaUoch  MUl. 

Newlands. 

Bolclatchie  cong^lomerate. 

Balclatchie,  Cndghead. 

Shalloch  Mill. 

Whitehouse  Bay. 

Mulloch  HiU,  Rough  Neuk. 

Newlands. 

Thraive  Glen. 

Mulloch   HUl,   Rough    Ntuk,    PtUo- 

graptusBed. 
Cuddysione  Glen,  Penkill. 
Woodland  Point. 
Woodland  Point. 
Thraive  Glen. 

Mulloch  Hill,  Rough  Neuk. 
Woodland  Point 
Mulloch   Hill,    Rough    Neuk,    PtUo- 

graptus  Bed. 
Craighead. 
Thraive  Glen. 
Thraive  Glen. 
Thraive  Glen. 

Shalloch  Mill. 
Balclatchie. 

Mulloch  Hill.  Rough  Neuk. 
Shalloch  Mill. 
Woodland  Point. 
Woodland  Point. 
Shalloch  Mill. 

Mulloch  Hill,  Rough  Neuk. 
Shalloch  Mill. 
Shalloch  MUl. 
Threave  Glen. 
Craighead. 
Thwuve  Glen. 
Woodland  Point 
Woodland  Point 

ArdmUlan. 

MiUloch  HUl,  Rough  Neuk. 

Craighead. 

Shalloch  MUl. 

PenkUl,  Bargany  Pond  fiUR 

Newlands. 

Camregan  ^ood. 

Craighead. 

Thraive  Glen. 

AidmUlan,  Dow  HUl,  Balclatchit. 

Thraive  Glen. 
Balclatchie  conglomerate. 
MuUoch  HiU,  Rough  Neuk. 
Mulloch  HUl,  Rough  Neuk. 
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OASTKBorovA—eontinued. 

Metoptoma  sp 

»»         **?•       •  • 
»i         ^P' 

«>         sp 

Helmiuthochiton  (Chelodes) 
OrmysD  (H. 
(Woodttard) 


It 


9p. 

sp. 


Ptkropoda  ? 
Conularia  elongatA  (Porti.) 

, ,         Sowerbyi  (Durance) . 
„         bilineata  {Liitdg.) 

,,        mibtilw  (ScUter) 

..        asperaatZri/id^.)^ 
Hyolithes  elegans  (A»rr.) 
„        (Theca)  qperculatus 

„  M      triangularis 

(Portl.) 

„         acutUB  (Eiehiraid) 


) 


»» 

reverNus  (Salt.) 

»• 

i*p.         

tt 

81). 

t» 

»P 

t» 

»p.              

Pterothet-a  ('orruKata  (Saltrr)  . . 

•> 

traiittvursa  (Saitcr)  . . 

»» 

»p 

M 

»P 

•  • 

«*P         

«• 

sp 

IIetkkoi'oda. 
Etviilioinphalus  Bucklandi 
{Portl.) 

„  Iwvis  iS'oir.) 


8]). 

sp. 


Ik'Heiophon  wenlockensis  {Sow.) 

„  earinatiis  (Sotr.)    . . 

„  dilatatUH  (Soic.) 

„  8phH]ra(£rtfuf«.)?  .. 

„  biIoliatU8(5(>(r.) 

„  trilol>atU8(.9<Mr.) 

,,  expaiiBUs  (•Stoir.) 


X 


I 


X 

X 


I    X 


X 


puoctifrons 

{Emmm\9) 
eubdecussatus 

(3fCoi/) 
Urei  (Fleming) 
squanidsus  (£tm/j(.) 
Glongatus  (Portlock) 


Ariso  (Bill ings)f 

t>p 

bj 


I 


>   ; 


\ 


X 


X 


,     X 


X 

X 


X  -  Cndghead. 
ShaUocta  MiU. 
Thnive  Olen. 
Newlandfl. 


X 

> 


X 
X 
X 


X 
X 


X 
X 

y 


I 
t 

X 
X 


Thraive  Olen. 
Balclatchie. 
Ardmillan,  Dow  Hill. 


Balclatchie,    Dow     Ilitl,     Ardmillan. 

Craiirhead. 
Craigheaa. 

Mulloch  HiU,  Rough  Neuk. 
Thraive  Olen,  Starfish  Bed. 
Woodland  Point 
Woodland  Point 
Thraive  Olen. 

Balclatchie. 

Whitehouae  Ba3'. 

Thraive  Olen. 

Ardmillan. 

Balclatchie. 

Thtaive  Olen. 

Shalloch  Mill,  Whitchousc  Bay. 

Balclatchie,  Dow  Hill,  Ardmillan. 

GnUigbead. 

Ardmillan. 

Penkill. 

Mulloch  Hill,  Rough  Ncuk. 

Balclatchie. 

Ardmillan. 

Thraive  Olen. 

Newlands. 

Penkill. 

Shalloch  Mill. 


ShaUoch  Mill. 

Ardmillan,  Dow  Hill,  Craighead. 

Shalloch  MilL 

Craighead,  Balclatchie. 

Woodland  Point. 

Craighead. 

Mulloch  Hill,  Rough  Ncuk. 

Shalloch  Mill. 

Thraive  Olen. 

Mulloch  Hill,  Rough  Neuk,  Craigciib 

Ouanr,  and  in  Wood. 
Woodland  Point 
Woodland  Point 
Thraive  Olen,  Starfish  Bed. 
Ardmillan,  Dow  Hill,  Balclatchie. 
Thraive  Olen. 
Ardmillan. 
Penkill. 

Woodland  Point 
Mulloch  Hill,  High  Road. 
Orummuck. 
Ardmillan,  Balclatchie. 

Craighead. 

Mulloch  Hill,  Rough  Neuk. 

Drummuck. 

Drummuck. 

Mulloch  HiU. 

Thraive  Olen. 

Thraive  Olen. 

Shalloch  MUl. 

Penkill. 

Newlands,  Woodland  Point 
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> 
o 

•?3 


r  P  '  SI 


1         ; 

1          * 

1 

6?  •  «i 

. 

. 

o  >  •§ 

J9 

,2 

>     3 

^H 

^B 

o     m 

flQ 

^5 

ii.  Llaiid 
Upper 

jg 

Lower 

3 


Hrbrofoda— eoiUinued. 

Bellerophon  sp 

■I  sp. 

•  >  8P 

Maclurea  magna  {Leatieur) 
matutina  (£f olO  ? 
Logani  (iScUttfr) . . 
macromphala  (Jf 'Co.v) 


{ 


Gkpiialopod.%. 
OrthoceraB  politum  (M^Coy) 
Avelini  (SalUr) 

,,        bilineatuin  (HcUl)    . 

„        arcuoliratum  (Hall) 

„         ludense  (Sow.) 

,,        vagans  (*SSaif«r.) 

. ,         tenuicinctum  (Portl. ) 
,,        distans  (5ou>.) 


iinbricatuni    (ITaA/.K 


tracheale  (Sow.) 
mocktreense  (Sine.). 

bullatum  (Sow.) 

primnvum  (Forbeg). 

aiigiilatuni(iraA^.) . 


I 


J, 


{ 


Bacchus  (Airr.) 

aunulatum  (Soio.) 
Grindrodi  (Blake)    . . 
fusiforme  (Hall)  ?   . . 
,,         multicinotum   (Hall) 

^cile  (Pofilock)    ..     I 
,,         8uhundiilatuin(/*oi'f;.) 

Phragmocerasarcuatum  (Sotr.). . 

« I  n  L"*    ■  •  •  •  •  • 

ISndocerat*  proteifonue,  var.         / 
strangiilatuni  (HaH)\ 

Gomphoceras  sp 

.,  crater  (fitoifce) 

, ,  cinctum  (BUute)  . . 

Poterioceras  up 

Cyrtoceras  victor  (Barr.)  t 
„        arcuatuni  (Hall) 

„         (xtrnpresflum  (Sow.)  . . 
acotfcum  (Blake) 
annulatum  (Hall)    . . 
sp. 

Oncoceras  sp.        

M        «p 

n  sp j 

TrochoUtes  planorbiformis  ' 

(Conrad) 
, ,         comuarietis  (Sow. ) . . 
Trochoceras  aspersum  (Barr.)i. . 


X 
X 
X 
X 
X 
X 
I  X 
1    X 


n 


X 
X 


X 


X 
X 


\ 


X 
X 


I    X 


X 
X 


X 
X 


X 

X 
X 


X 
X 

X 
X 
X 
X 


X 
X 


•  I 


ShaUoch  MiU. 
Balclatchie  conglomerate. 
Craighead,     Ardmillan,     Bolclatohfe, 

Dow  HiU. 
Aldons,  Tramitchell,  Minuntion. 
Balclatchie  conglomerate. 
Craighead. 
Cnughead. 


Pinmore,  Waterfall  Penwhapple  Olen. 

Ardmillan. 

Craighead. 

Shalfoch  Mill. 

Shalloch  .Mill. 

ShaUoch  MiU. 

Thraive  Glen. 

ShaUoch  MUl. 

Thraive  Glen. 

MuUAh  HUl,  Rough  Neuk. 

Woodland  Point. 

Woodland  Point. 

Starfish  Bed. 

MuUoch  Hill,  Rough  Neuk,  High  Road 

Quarry. 
Woodland  Point. 
PenkiU,  Cuddystonc  Glen. 
Woodland  Point. 
Woodland  Point. 
Whitehouse  Bav. 
Woodland  Point. 
PenkUl. 
Thraive  Glen. 

MuIIoch  Hill,  PtUograptua  Bed. 
Woodland  Point,  Newlands. 
PenkiU. 

PenkiU,  Bargany  Pond  Bum. 
Penwhapple  Glen,  PenkiU  Bed^ 
Penwhapple  Glen. 
PenkiU  Beds,  Penwhapple  Glen. 
PenkiU,  Penwhapple  Glen. 
PenkiU. 

Camregan  Wood. 
Shalloeh  MUl. 
Dow  Hill. 
Thrai\  e  Glen. 
I  MuUoi'h  Hill,  Rough  Neuk. 
Woodland  Point. 
Balclat'Chie  conglomerate. 
Thraive  Glen. 
Balclatchie,  Dow  HiU. 
PenkUl. 

Woodland  Point. 
Camregan  Wood. 
PenkUl. 
Starfish  Bed. 
Woodland  Point. 
Craiffhead. 

Balclatchie  conglomerate. 
PenkiU. 

Craighead,  Minuntion. 
MuUoch  HiU,  Rough  Neuk. 
Minuntion. 
MuUoch  HiU. 
Woodland  Point. 
Newlands. 

Craighead 

MuUoch  Hill,  Rough  Neuk. 

Woodland  Point. 
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No.  4. — CoMPLVTE  List  of  Fossils  from  the  Stikohab  Lihxstone 
Series  (Upper  Llandeilo)  of  the  Gievan  Distsiot  of  the 
South  of  Scotland, 


AlAiM,    (?) 
Oirvanella  problematica  (Nick,  <k  Eth.) 

Rhizopoda? 
Nidulites  favus  {Salter). 

FOBAMINIFKRA. 

Saccammina  Carteri  {Brtzdy). 

Hydbozoa. 
Cryptograptus  tricomis  {Carr.) 
Clatnrograptas  cuneif orinls  (Lapw. ) 
Climacograptus  bicomis  {Hall). 
,,  nanus. 

y  y  SchHrenberm  ( Lapw. ) 

Dicellograptus  sextans  {Haul). 

,,  sp. 

Dicrauograptus  ramosiis  (Hail). 

,,  8p. 

Didyniograptus  superstes  {Lapic.) 

,,  sp. 

Diplograptus  foliaceus  {Murch. ) 
rugosus  {Emm.) 


sp. 
9  Hi 


Glossograptus  Hincksi  {Hopk. ) 

CCELENTERATA. 
ACTINOZOA. 

Chsetetes  {Fiftcher). 

Favosltes  girvaneuHls  {Ntch.  and  Eth.) 

Fistulipora  pllula  {Nich.  and  Eth.) 

Hal^sites  sp. 

Hebolites  Grayi  {Ediv.  and  Haimt). 

Labechia  canadensis  {X.  and  Murie). 

Lindstromia  subduplicata  {M^Coy). 

Lyopora  favosa  {M^Coy). 

Monticulipora  girvanensis  {Nich. ) 

Petraia  elongata  {Phil.) 

Prasopora  Grayae  {Xich,  and  Eth.) 

Propora  Edwardsi  {Nich.  and  Eth. ) 

Stenopora  fibrosa  {Goldf.) 

Streptelasma  sequisulcatum  iM*Coy). 
»t  aggregatum  {X.  and  E.) 

,,  craigense  {M'Coy). 

,,  europaeum  {R&m.) 

Stylarsea  occldentalis  {Nich.  and  Eth. ) 

Tetradium  Peachi  {Nich.  and  Eth.) 

Thecostegites  scoticura  {Nich.  and  Eth. ) 

Crinoidea. 
Glyptocrinus  {Hall)  sp. 


ANNELIDA. 

Cornulites  (Schl.)  sp. 
Serpulites  longissimus  (Afurch.) 

ClSRIPEDIA. 

Turrilepas  (  Woodw. )  sp. 

OSTRACODA. 

Cythere  aldensis  {M*Coy). 

,,        var.  major  (Jones). 

grayana  {Jones). 

wrightiana  {Jones  and  HoU.) 
Primitia  barrandiana  {Jones). 


>> 


If 


t) 


>» 


»» 


Trilobita. 
Ampvx  {Dalm.)  sp. 
Asaphus  (Isotelus)  gigas  (Dekay). 

,,  ,,         rectifrons  {Portl.) 

Bronteus  {Gold/.)  sp. 
Calymene  Blumenbachi  {Brofig.) 
Cheirurus  bimucronatus  {March.) 

,  y        gelasinosus  ( Portl. ) 
Dind^mene  {Corda.)  sp. 
Encrinurus  punctatus  (Brtin, ) 

var.  arenaceus 

{SaU.) 
var.  calcareuB 
{Sah.) 
Harpes  (Ooldf.)  sp. 
niaenus  (Dysplanus)  semulus  {Salt. ) 
, ,  Bowmani  {Salt. ) 

,,  latus  {M^Coy). 

Portlocki(Na/^) 
„       sp. 
Lichas  hibemicus  {Portl. ) 
Phacops  Brongniarti  {Portl. ) 
Remopleurides  Barrandei  {Eth,  <0  Nich.) 
„  Co\h\\  {Portl.) 

, ,  later ispinifer  ( Portl. ) 

„  sp. 

Sphserexochus  minis  {Beyr.) 
Trinucleus  {Lhxioyd).  sp. 

Brachiopoda. 
Acrotreta  Nicholsoni  {Dav. ) 
Crania  siluriana  {Dav.) 

„     sp. 
Discina  perrugata  {M^Coy). 
Leptsena  Etheridgei  {Dav. ) 
Grayi  {Dav.) 
llandeiloensis  {Dav.) 
(Plectambonites)     quinquecos- 
tata  {M'Coy). 


»» 


Appetidix. 
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»» 


♦  > 


jj 


)) 


>» 


n 


M 


M 


?» 


Brachiofoda — ccmtinued. 

»ericea  {iiow,) 

,,      var.  rhombica  {AVCoy). 
(Chriatiania)  tenuicincta 

{M'Coy). 
(Plectambonites)    transversalis 

{WaM.) 
youngiana  {Dav.) 
Liugula  attenuata  {Sow, ) 
,,       granulata  {Phil.) 
,,       ovata  {M*Co^). 
'  ,,       Quadrata  (^tcAtr.) 

,,       Kamaayi  {Salt.) 
Meristella  an^pstifrons  ?  {M*Coy). 
Nucleospira  pisum  {Sow. ) 
Orthis  balcletchiensis  [Dav.) 

(Platystropbia)  biforata  {Schl. ) 
calligramma  {DcUm.) 

,,  var.  virgata  {Salt.) 

,,  var.  scotica  {Dai\) 

confinis  {Salt.) 
crispa  {M*Coy). 

(DalmanoUa)  elegantula  {Dalm. ) 
(Dinorthis)  flabeUulum  {Sow.) 
girvanensis  {Dav  ) 
intercostata  {Poril.) 
protensa  {Sow.) 
sowerbyana  {Dar.) 
(Dalmanella)  testudinaria(/>a/7/(. ) 
tiirgida  {M^Coy). 
unguis  {Sow. ) 
vespertilio  {Sow. ) 
Khynchonella  temula  {Salt.) 

balcletchienslH  {Dav.) 
Lapworthi  {Dav.) 
nasuta  {M*Coy). 
Peachi  {Dav.) 
(Hyattella)    portlockiana 

{Dav.) 
Salter!  {Dav. ) 
scotica  {Dav.) 
sub-borealis  {Dav.) 
Thomsoni  {Dat\) 
Weaveri  {Salt. ) 
iSiphonotreta  anglica  {Moi^ris). 
,,  micula  {M*Coi/). 

,,  .Hcotica  {Dav.) 

Strophomena  corrugatella  {Dav. ) 

(Rafinesquina)      deltoidea 

{Conr.) 
(Rafine8(|uina)  expt\iisa 

{Sow.) 
(irayi  {Dav.) 
imbrex {Pand.)j  var.  seiiii- 

slobosa  {Dav.) 
Uandeiloeusis  {Dav.) 
retroflexa  {Salt. ) 
(Leptaena)  rhomboidalis 

( WUck. ) 
sp. 


>  J 

M 
II 
11 
II 
«» 
11 
I' 


5  < 


H 


'I 


I' 


»l 


II 


II 


1  » 


11 


Bracii  iopod  a — continued. 

Triplesia  Grayw  {Dav.) 
II         sp. 

Lamkllibkancuiata. 
Ambonychia  amygdalina  {Hall). 

,,  racuata  (^mm.) 

OrthoDOta  contracta  {Hall). 
Pleurorhjmchus  dipterus  {Salt. ) 

Gasteropoda. 
Bellerophon  acutiis  {Sow. ) 

,,  punctifrons  {Emm.) 

sp. 
, ,  ( Bucania)  profunda  ( Hall ). 

Chelodes  {Dav.  and  King). 

,,        (Helminthochiton)  sp. 
Cyrtolites  {Conrad)  sp. 
Ecculiomphalus  Bucklandi  {Portl.) 
,,  IsBvis  {Sow.) 

„  sp. 

Holopea  paludiniformis  {Hall). 
Maclurea  Logani  {Salt. ) 

,,        (Ophileta)  macromphala 

{M*Coy). 
,,        Maccoyi  {Salt.) 
,,        magna  (Z^/.) 
,,        matutina  {Hall). 
Macrocheilus  {Phillips)  sp. 
Metoptoma  {Phil.)  sp. 

„  (Tryblidium)  sp. 

Murchisonia  angulata  {Sow.) 

,,  (Pleurotomaria)   biciucta 

{Hall). 
,,  gracilis  {Hall). 

.,  gyroffonia  {M'Coy). 

vitelSa  (^t^. ) 
Ophileta  ( Vanux)  sp. 
Pleurotomaria  {D^r.) 

,,  (Raphistonia)  lenticularis 

{Sow.) 
„  qualtcriata  (Schl.) 

Platyceras  {Conr.)  sp. 

Pteropoua.  (?) 
Coiiularia  elongata  {Portl. ) 
,,         Sowerbyi  (Dc/r.) 
Hyolitlics  {Eichtr.)  sj). 
Theca  {Sow. )  sp. 

Cephau)Poda. 
Cyrtoceras  inaequiseptuni  {Portl.) 

,,         multicamaratum  {Hall). 

,,         scoticum  {Blake). 

„         sp. 
Orthoceras  bilineatum  {Hall). 

,,         pendens  (Blake). 


politum  {M^Coy). 
sp. 
Trocholites  planorbiformis  (Conrad.) 


u 


^ 
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No.  5. — COHPARATIYE  TAfiLE  OF   F08SIL8  FBOM  THE  CaRADOO  R0CK8  OF 

Balclatchib,    Leadhills,    Wallace's    Cast,    Kilbucho, 
Glencotho,  Wrae,  and  Winkston. 


& 


.•a 


i 

o 


1 
^ 


O 

5 


o 


I 


M        = 


o     , 

B   ; 


a 
s 

2 

o 


g 


SI 

II 


?  11 


RUIZOPODA  ? 

CyclcxirinuB  {Eichtvald) 

NidulVtes  (ScUier) 

,,        favus  {Salt.) 

Spongida. 
Isohaclites  {Murckiscni) 

,,         Koenigi  {Nich.  awl  Eth.)  ... 

Hydrozoa. 
Dicranograptus  {Half) 

,  f  tardhisculus  ( Lapic. ) 

DicellograptuR  {Hopkiiuion) 

,,  moflatensis  {Carr.) 

Diplograptus  {M^Coy) 

,,  rugosus  {Emm.) 

Climacograptus  {Hall) 

,,  Scharenbergi  (//a/><';. ) 

ACTINOZOA. 

Alveolites  {Lamarck) 

Favosites  {Lamarck) 

asper  (Z)'Or/>. )  

eristatUH  ( Blum. )      

gothlandicus  ( Fougt) 

O \J^  m  • •  •■•  ••■  •■• 

Fistulipora  {M'Coy) 

,,  i^yoBiA.  {Nich.  and  Eth.)   ... 

Heliolites  {Daiia) 

f )  OPa  •••  •■•  ■••  ••• 

LindBtromia  {Nicholson  ami  Thomson) 
,,  subduplicata  (J/*Coy)    ... 

yy  ,,  var.   crenulata 

{M'Coy) 
Lyopora  {Nicholaon  and  Etheridge) 

,,       favosa  {M*Coy)  

Monticulipora  {lyOrbigny) 

,,  lens  {M*Coy)     

Palffiooyclus  {Edtnards  and  Haime) 

Hp.  


»» 


(      X 


X 


\ 


X 


X 


X 

I 

'     X  X 

I 
I 

X 

I 

X 
X 

;    X       X 
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AcTiNozoA — continued. 

Petraia  {Mienater) 

,,      hina.  {Lonsd.)     

,,      elongata  (PM.) 

,,      uniserialis  (if'Coy)       

,,      zic-zac  {M*Coy)... 
8tenopora  {Lon&dcUe) 

,,         (Favoeites)  fibrosa  (G^o/c^/*.) 
Syringophyllum  (Edtoarda  and  Haimt) 

,,  (Sarcinula)  sp. 

Tetradium  {Dana) 

Crinoid£a. 
Glyptocrinus  {Hall) 

^,  basalis  (J/*C7o^) 

Myelodactylus  {Hall) 

y,  sp-  

Crinoid  stems 

Annelida. 
Serpulites  {M*Leay) 

, ,         longissimus  {Murch. ) 
Tentaciilites  {^chlotfieim) 

^  m  Rl'v       •••  •••  •■•  ••■ 

CiRRIPEDlA. 

Turrilepas  ( Woodward) 

scotica  {Nich.  and  Eth. )    ... 

O  r' *  ■••  ■••  •••  ••• 


71 


Phyllocarida. 
Piiinocaris  {Etheridyej  jnr.) 

, ,  Lapworthi  ( Eth. ,  jn r. ' 

Peltocaris  {Salter) 

(?)  sp 


j> 


Trilobita. 
Acicloiipis  {Murchison) 

Grayie  ( Eth. ,  jnr. )  ... 
hystrix  {Wyv.-Thom.) 
lialage  ( Wyv.  -  Thorn. ) 
Agiios tua  ( Brongniart ) 

,,        agnostiformis  {M^Coy) 
Ainpyx  {Dolman) 

Homei  {Eth.  and  Nich. ) 
Maccallumi  {Salt.) 
mammilariB  (jSa?'«) 
rostratus  {Sars) 

D  LJ«  •••  •■■  ••• 

Asaphus  {Brongjdari) 


»» 


n 


(Isotelus)  gigas  {Dekay) 
,,        rectifrons  ( i^o»Y/. ) 

O  §'•  ■#•  ■>■  ■•• 


1  ' 


X 

X 


X 


X 


!     X 


X 
X 
X 


X 

X 

'      X 

X 


I      X      ' 


X 
X 
X 


X 

X 


4i 

s 

o 

I 


o 

JS 
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X 
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X 
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»» 

1 » 


♦  » 


Trii^bita — cwUinued. 
Barrandia  {M''Coy) 

f  f  r^li^a  ••*  ■••  ■••  ••• 

Bronteopsis  ( Wi/i'i/le-Thom^on) 

,,  scotica  {Salt.) 

Broil teuH  {(Joldfuss) 

,,        Andereoni  {Elk.  and Xich.) 
Calymene  {Brongniart) 

I )  OU«  ••■  •••  •••  ••• 

Cheirurus  (Btyrich) 

bimucronatus  ( JIurch. ) 

clavifrons  {Daim. ) 

gelasinosus  ( Portl. ) 

Sedgwicki  ( M^Coy) 

sp 

Cybele  {Lov^n) 

verrucosa  (Z>fi/m.)         

8p. 

Deiphon  {Ban-amh) 

,,        Yorhesi  {Barr.) 
HarpeH  {(roid/uss) 

,,      parvulus  {M*Coy) 

y  y  aiUm  •••  •••  ••■  ..• 

Homalonotiui  ?   (Kceniy) 

ff  sp«  >.«  ...  ..•  ... 

lUaenufi  [Dolman) 

(Dysplanua)  Bowmani  {Salt.) 
Davisi,  var.  B.  involutus  {Salt.) 
(Dysplanus)  latus  ?  {M^Coy) 
,,  Thomsoni  {Salt.) 

young  of 

sp.  

Lichae  {Dahnan) 

GrAyi  {Fltlch.) 

hibeniicuH  ( Portl.  ^         

sp.  

Ogygia  {Brougniart) 

f  f  nil*  ••■  ••«  .»•  ... 

Phacups  ( Em  m  rich ) 

( Acas te )  alif rons  ( Salt . ) 

,,        Brongniarti  {Portl.) 
(Dalnianites) caudatuH  ?  {Briinn.) 
Proetus  {Steininyer) 

, y      girvanensiB  {Eth,  and  Xich. )... 
Kemopleuridcs  iPortlock) 

Barrandei  {Eth.  and  Xi^h.) 

Colbii(Por;/.) 

laterispinifer  {Portl. ) . . . 
nov.  sp. 
Salteria  ( Wyville- Thomson) 

, ,      primeva  (  Wyv.  -  Thorn. ) 
Sphaerexochus  {Beyrich) 

,,  mirus  {Beyr.) 

Staurocephaliis  {Barraiule, 

globiceps  {Portl.) 
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Trilobita — continued. 

Staurocephalus  unicus  ( Wyv.-Tfiom.) 
Stygina  {Sa/ter) 

,,       latifrona  (Por//. ) 
Trinucleua  {Lhywd) 

concentricus  ( EcUon ) 

fimbriatus  (Murch. ) 

Macconochiei  {Eth,  and  Nick.) 

omatus  {Sternb. )    

HI/*  ■••  ■■•  ••■  ■•• 


It 


POLYZOA. 

Ceriopora  [Ooid/nss) 

y ,        oculata  {Oofdf. ) 
Fenestella  {Lfmndcile) 

Ptilociictya  {Loruidaie) 

costellata  {M*Coy) 

CIKJa  «•»  ••■  •■• 

Retepora  {Lamarck) 

Sulcoretepora  {lyOrbigny) 

sp.  


ft 
If 
It 


>* 


ft 


I 


rf        I 


X     " 

X 

X 


Brachiopoda. 
Acrotreta  {Kutorga) 

„        costata  ?  {Dav.)      

,,         Nicholsoni  (i>ar. ) 

Crania  {Retziun) 

* «       BLra  ••■  ■••  ••■  •••  ■■• 

Discina  {Lamarck) 

oblongata  (/'or//. )        

permgata  {M^Coy)      

O^/a  •••  ■•>  ■■•  •■■ 

Leptaena  {Dolman) 

(Plectambonites)  quinquerastata 

{M'Coy)      

acissa  =  llandeiloenBis  (Z>a(\) 

sericea  {Sow. ) 

,,      var.  rhombica  (Jl/*  Coy) 
(Christiania)  tenuicincta  {M^Coy)  ... 
(Plectambonites)  trans>'er8aliB(  Wahl.) 
youngiana  {Dar. ) 

Lingula  (S:„ff«i^re)         ' 
attenuata  {Sow. ) 
brevis  {Portl.)  ... 
canadensis  {Bill.) 


§ 
I 


X 
X 


♦  » 
»» 


ffl*anulata  ( Phil. ) 
fongissima  {Paivi. ) 
ovata  {M*Coy)  ... 
Ramsayi  {Saif. ) 
Tall) 


Meristella  {Hail) 

(Whitaeldia)  tumida  {IkU.) 


ft 


X      '  ' 

I 

X 

,     I 

X     I 

I  I 

X      ' 

I 

X 

X  X 

X  X  ^  "^ 

XXX 
X  X  X  X 

X  X 
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1 
1   ** 

1 

1 

1 

^  1 

•3  '«  = 

1 
'  1 

t 

1 

3 

m 

1 

1 

2 

1 

1 

1 

1 

1 

Wrae  &nd  Dninini 

Winkiton  an 
Hamilton  Hi! 

Brachiopoda— con/infie//. 

1 
1 

Meristina  (HcUi) 

1 

I 
1 

(=  Whitfieldia  (^0*/?.) 

, ,       (Meristella)  tuinida  (Dalm. ) 

X 

X 

Obolella  or  Kutorgina  {RUHngH) 

1 

J  f              op<                   •  .  .                  ...                  ...                 ...                  ... 

1 

1 

X 

Orthi«  {Dolman) 

1 

, 

,      Actoniae  (N\>ir.) 

1 

!    X 

X      j      X 

,      (Platvstrophia)  biforata  {Schl. ) 

(Bilooites)  biloba  (/.»7iH.)          

X 

1 

X 

1 

1 

Bouchard! ,  var.  balcletchiensis  (/Mr.) 

X 

j 

,      oalligramma  (/>a/m.)     

X 

X 

X           X 

X     ,      X 

,,          var.  plicata  (iSIojr. ) 

X 

1 

1 

„          var.  virgata  (No//. ) 

'      X 

1 

1 

; 

Carausii  {Salt.) 

X 

1 

1 

crispa  (if  *(7oy) 

(Dalmanella)  elegant ula  (/>a/7M.) 
(Dinorthis)  flabellulum  {Soir. ) 

'      X 

X 

X 

1 

X 

'      X 

X 

• 

X      ' 

1 

girvanensis?  {Dar.)      

,      Lapworthi  {Dav.)          

,      polygramma  {Sow. )        

X 

i 

1 
X 

X 

1 

, ,           var.  pentlandica  {Dav. ) ... 

X 

X 

1 

,      protensa  {Sow.)   ...         

Rankin!  (/>a?\) 

X 

1 

nistica  (*SV)MJ.)      

X      , 

1 

so werby ana  (/>ar. )         

X                  1                          ,     X 

X      !      X 

,      (Dalmanella)  testudinaria  (y>a/Mi.) 

X     1     X     ■     X 

turgida  (if 'Coy) 

X     1 

1 

,      unguis  (iVoi/?.)       

X 

1 

,      vespertilio  (No»r. )            

1 
1 

X 

, 

«            ol/t     •••                  •••                   «•■                  ■■>                   •••                   ■>• 

X      1 

'     X 

Patenila  (Ikn'ifUon) 

1 

, ,        (Diflcina)  balcletchiensis  ( Dar. ) 

X 

i 

Porambonites  {Pander) 

1 
1                  1 

1 

,,            intercedenB  (Pand.)     

1       :       1          X 

1                   1 

J  f                        BIJ*                       «••                 •*■                 ••■                 ■■• 

Rhjmchonella  {Fischer) 

i             '                   X 

1 

ardmillanensis  {Dar.) 

X 

1 

1 

, .            balcletchiensis  ( Dan. ) 

X 

1 

borealis  (Schl.)             

!     X     1 

cuneatella  ( Dav. )         

X      , 

'      1 

1 

,,            girvanensis  (/>ar. )        

Jacki  {Dar.)      

X 

1 

1 

1                         ■ 
X                 .            i 

maccoyana  ( Dav. )         

1 

:  X 

nasuta  {APCoy) 

X 

nucula  (Now. )     

'^                   1 

' 

Strickland!  {Sow. )        

1 

X 

,  t                   aUm                 . . .             •••             ■■•              ... 

Siphonotreta  {Ve  Vemeuil) 

X 

X 

1 

I 

„           raicula  (if *Coy) 

1     X 

Stricklandinia  {Billings) 

» 

1 

, ,            balcletchiensis  {Dav. ) 

X 

' 

1 

trophomena  {Rafinesqne) 

,,           arenacea  (jS^o/^.  ) 

X 

,,           compressa  (iS^otr.)           

X 

Apperuiiic. 
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>» 


»> 


Brachiopoda — confinned. 

Sti-ophomena  corrugatella  ( Dav. ) 

(Rafinesquina)  deltoidea  (Conr.) 
var.      rotundata 

(Conr.) 
var.   expanfia 

grandis  {Sow. )     

imbrex  {Pand.) 

(Orthis)  kilbuchoensis  (Dar.) 
llandeiloensiB  {Dar.)     ... 

retroflexa  {Soft.) 

(L^ptaana)  rhomboidalifl  ( Wi/rk 
semiglobosina  {Dar.)     ... 
shallockiensiB  {Dar. ) 
sp. 
Triplesia  {Hall) 

spiriferoides  ?  {M'Coy) 

9ftJ»  ••.  •*■  ••*  .•• 


'I 

•  1 

t » 

U 
>» 
»> 


.) 


Lamellibranchiata. 
Ambonychia  {HaJI) 

y,  vf^isktsk  {EmmouA) 

Area  (LinruxHs) 

,,     edmondiaBformis  (3/' Coy) 
Avicula  {Klein) 

I  y  op*  •••  ...  ...  ... 

Ctenodonta  {Salter) 

anglica(Z>'0r6.) 

astarteformifl  {Salt.) 

levata  {Hall)         

(Nucula)  subacuta  {M^Coy) 
varicosa  {Salt)       

Cuculiella  (5*'Coy) 

Goniophora  {Phillips) 

Modiolopsis  {Hall) 

modiolariR  ( Conrad) 
orbicularis  {Sotn.) 


»» 
»> 


sp 


'm        •  •  • 
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X 
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X 
X 
X 
X 
X 
X 
X 
X 


X 

X      I 


X 
X 

X      ) 
X 

X     I 
X     ' 


X 
X 


Orthonota  {Conrad) 

,,         undata  ?  {Sow.)      

Pleurorhynchus  {PhUlips) 

,,  (Conocaniium)  dipterus  («S'a//. )      x 

Gasteropoda.  '        \ 

Bellerophon  {Afont/ort)... 

acutus  {SotP. )  X       X 

bilobatus  {Sow. ) x 

dilatatus  {Soiu. ) 

expansus  (/S'ott*.) x    < 

truobatus  (iSou;.) |   x   ;   x 
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CAcnnca,  Sanquhar,  299. 
(lackleith,  319,  320. 
Clanyanl  l^y,  183. 

fossils  from,  184,  185.  189. 

Clenoch  Bum,  171. 
Ci.£RK,  Mr.,  of  Eldiii,  o. 
Clinkins  Cove,  o53,  555. 
dints  I'arinhcmse,  271. 
Cloderroch,  347. 

-  Bum,  348,  384. 
Clough,  C.  T.,  73. 
('lovenfordfl,  203,  2(>5. 
Clowgill,  281. 
Clyde,  R.,  280,  327. 
Coal  Bum,  Sanquhar,  301. 

Heugh,  Tarff  Water,  172,  213. 

Cockbumspath,  208,  209. 
Cocker  Hifi,  311. 
Cog  Bum,  297. 
Cogshead,  297. 
Coldchapel  Bum,  227. 
Cold  Grain,  138. 
Coldshiels  Looh,  191,  2<>2. 
Colfin,  408. 

Glen,  408. 

Collie  Law,  261. 

Colmouell,  452,  453,  466,  468,  476,  481, 

499,500. 
Colvend  shore,  554. 
Cone  Gill,  280. 
Conglomerate,  Afton  Water,  ;<K5. 

—  Auchencally,  385. 
Benan,  82,  4vS5. 

-  Corsewall  Point,  82,  410. 

pebbles  in,  410. 

Craigenputtock,  214. 

Duntercleugli,  82,  323,  324. 

March  Burn,  384. 

-  Snar  Water,  294. 

with  Highland  bouldei-s.  277. 

Connel  Bum,  374. 

Rig,  374. 

Conrig  Bum,  San((uliar,  298. 

Hill,  299,  301. 

Conrick  Bum,  339. 

—  Hass,  a39. 
Contact-metamorpliism,  632. 
Coomb  Dod,  232. 

Coora  Gill,  (Tlengcmner  Water,  283. 
Copper,  655. 

ore  at  Balkcachy,  459. 

Coquet  Hea<i,  562. 

Corbie  Bum,  202. 

Corfardine,  347,  348. 

(yOrmilliKan,  384. 

Corrie  Water,  557. 

Conxxlow  slates,  384. 

Corsebank,  303,  318,  371. 

Corsehill,  Kirkcudbrightshire,  168. 

Corsehope,  270. 

Corsewall  Lighthouse,  410,  415. 

conglomerate,  410. 

Point,  401,  410,  415,  507. 

Corsock,  156,  161. 

Cossarshill  Burn,  111. 

Cow  Gill,  235,  238. 

Cowie's  Linn  Burn,  Eddlestoii,  252. 

Cow  Linn,  Fruid  Water,  142,  144. 

Craigbickerae  Hill,  485. 

Craigbuie  Hill.  337. 


Craigdarroch,  .*M9. 

—  Afton  Water,  385. 
Craigdasher  Hill,  157. 
Craig  Dod,  283,  285. 
Craigenputtock  conglomerate,  214. 
—  quartzite  and  quart/.-»'hi>«t- 

pobbles  in,  214. 

—  -  Hill,  214. 
Cmigiei-ig,  140. 
Craigenterrie  inlier,  605. 
Cmighead,  462,  501,  .lOi,  508,  52.S,  527. 

—  Hill.  462.  463,  501. 

inlier,  Caradoc  i-ocks  of,  522. 

-  limestone,  83,  462. 

horizon  of,  502. 

Quarry,  462. 

C^PP^r  Silurian  of,  528. 

Craig  HUl,  R.  Stinchar,  453,  454. 

Farm,  45^ 

Craighouse,  Duneaton  Water,  327. 
Craighope  Bum,  266. 
Craiglure  Lodge,  416,  418,  419. 
Craigmichan  Scaurs,  100-105. 

—  —  fossil  lists  from,  103,  104. 
—  Rae  Grain  plan,  102. 

-  _  ...   -     —  section,  104. 

-    section,  101. 

-  —  radiolarian  chert  in,  103. 
Craignair  Quarry,  609. 
Craigneil,  451,  453, 

Castle,  476,  494,  498,  499. 

-  -  Farm,  499. 
Craignorth  Bum,  :}20. 

Hill,  3a3,  318,  ;«0. 

Craig  of  Knockgray,  385. 
Craigrarson.  616. 
Craigskelly,  519,  527,  542. 
Craigwells,  491,  493,  506. 

—  C<»ttage,  491. 

Craigy  Cleugh,  Cogs  Burn,  297. 
Crailloch,  Stranraer,  410. 

-  —  Bum,  Stranraer,  409. 
Hill,  Stranraer,  410. 

Water  of  Mailzie,  174,  177,  178. 

Ci-ailzie  Hill,  252. 

Crairieknowe,  334. 

Ci-amalt,  140. 

Crawick  Water,  303,  313. 

Crawfoixljohn,  303,  .321,  327. 

Ci-ee  River,  172,  213,  387,  390,  :I96,  419. 

CreetowTi  granite,  624. 

Station,  172. 

Criffel,  552. 

and  Dalbeattie  granite,  607  610. 

Ciogo  Bum,  Auchenvev,  161. 

Tower.  159,  160.  ' 

Crook,  R.  Twee<l,  142. 

Bum,  Daer  Water,  155. 

Crookmill  Burn,  269. 
Croseclays,  448,  471. 
Crossmichael,  164,  169,  170. 
C^x>SAoj)odia  shales,  545. 
Cross  Water,  Barrhill,  417. 

of  Luce,  399,  401. 

Crow's  Biim,  Bladenoch  R.,  179. 

Nest,  Glenluce,  102,  183. 

Cuddystone  Bum,  540. 
Culcaigne  Hill,  213. 
Culmark.  346. 
Culroy,  180,  182. 
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Culshabbon  School,  177. 

Cultei  Water,  232,  235,  240,  244,  249. 

Waterhead,  232. 

Cundry  Mill,  457,  458. 
Cunningham,  R  Hay,  7. 
Geology  of  the  Stewartry  of 

Kirkcudbright,  7. 
Curlywoe,  387,  395,  419. 
Ciirrarie,    Ballantrae,    424,    426,    427, 

506,  507. 

Bum,  424. 

Glen,  421,  424. 

Port,  424,  426. 

('yriograptvM  Grayi  tnudntoneA,  81,  545, 

546. 


n 


Dakr  Water,  155. 

Dailly  series,  544. 

Dairon,  W.,  26. 

Dakyns,  J.  R.,  73. 

Daldowie,  LJandeilo-Caradoc  I'ookfl,  51 1. 

Hill,  460,  491,  493,  511. 

volcanic  ai-ea  of,  460. 

Dalfarson,  372. 
Dnlgonner  Bum,  358. 
Daljarrock,  453,  4^54,  494. 

limestone  (juarry,  469. 

l^Ueagles  Burn,  37«')! 

galena,  654. 

Dally  Bay,  507. 

Dalmellington  district,  371. 

Dalpeddar,  33|. 

Dairy,  Galloway,   199,  213,   333,   347, 

Dalshkngan,   R.    Ken,   33:^,   343,    344, 

345. 
Dalveen  group,  211. 

Pass,  155,  200. 

Dalwhat  Water,  339-341,  383,  384. 

Dalzean  Bum,  .^. 

Dana,  Professor,  468. 

Darley,  463. 

Dam  Hall,  251. 

Davidson,  Thomas,  17,  324,  502,  596. 

Brachiopoda    of  the    Pent- 

land  Hills,  17. 

■ —  Brachiopoda  of  Gii'van,  27. 

Monograph  of  the  Silurian 


Brachiopoda,  27. 
Deaf  Heights,  196,  205. 
Deafstone  Farm,  476. 
Deerhope  Burn,  597. 

Rig,  600. 

Doe,  River,  170,  171,215. 

and    Nith,    Wenlock    and 

Ludlow  rocks  between,  552. 

Loch,  387. 

Deirs  Bam  Door,  220,  222,  231,  233. 
Deloraine,  211. 

Bum,  212. 

Demster's,  Glenmuckloch,  368. 
Dendrograpttui  from  Knockgown,  Bal- 

lantrae,  429. 

Portandea,  422. 

Snar  Water,  Crawfordjohn,  321. 

Druohrie  P'arniliouse.  279. 


Deugh  Water,  343,  344,  375.  377,  378, 

383,  385. 

black  shale  bands,  376. 

Dewar  Water,  194. 
Diabase-lava,  84. 

analysis  of,  86. 

pillowy  structure  of,  84,  85,  86. 

Diabase-porphyrite,  84,  87. 

of  Currarie,  428,  449. 

schistose,  228. 

Diallage,  475. 

Dibbin  Lane  section.  339,  340,  341,  342. 

DicellograptuM    ancepn  at    Drum  muck, 

82,  524. 

complantUus  zone,  Girvan,  82,  518. 

Lammermuirs,  279. 

Dictyonema  zone,  518. 

Didymograpiua  shales  (Barr  series),  83, 

487,  488,  489. 
Dimple,  239. 
Dinvin  Hill,  500. 
Dionidt  beds,  518. 
Diorite  dvkes,  628. 

of  Kirkcowan,  624. 

Dipfograpttm  modeMuM  shales,  534. 

Dippal  Burn,  577. 

Dimeark,  398.  399. 

Dobb's  Linn  typcal  section,  92-100. 

ffi^und  plan  of,  93. 

fossil  lists  from,  95,  100. 

-  sections,  94,  95,  96,  98. 

—  -  radiolarian  chert  zone,  9J>. 

Dolerite,  91. 
Doon  Loch,  Wigtownshire,  176. 

Ayrshire. 

Dormont  House,  558. 
Domell  Hills,  213. 
Doresford,  562. 
Dougaries,  401. 
Douglas  Burn,  Yarrow,  141. 

Water,  Lanarkshire,  582,  585. 

I>>unan,  Portpatrick  shore,  411,  412. 

hiematite  vein  at,  411. 

shales,  412. 

Doune,  501. 

Dove  Cave  Bay,  Llandovery  rocks,  187, 

188. 
C'ove,    Knock   liay,    Portpatrick, 

415. 

Currarie,  Ballantrae.  430, 431. 

Dow  Hill. 

Bennau  conglomerate,  501. 

Balclatchie  mudstoncs,  514. 

fossils  from  do.,  514. 

Downan,  Ballantrae. 

pillow-lava  at,  431. 

Point,  Ballantrae,  426,  430,  431. 


Downtonian,  68,  69,  80. 

conditions  of  deposition.  68. 

fish  fauna,  68,  565-567. 

fossils  of,  68,  69. 

series,  576,  583,  599. 

sub-divisions  of,  68,  569. 

Drakestmther  Bum,  Lauderdale,  197. 
DmidhiU  Bum,  336. 
Druim  nan  Eidne,  Skye,  477,  478. 
Drochil  Castle,  251,  252. 
Dmmbreddan  Bay,  185, 186. 

fossils  from,  186,  189. 

Drumabrennan,  391,  392.  420. 
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Dnimbreddan  School,  392. 
l)rum})lair,  174,  176. 
Dnimfaim  Farmhouse,  498. 
Drumfflass,  213. 
Drumlawhinnie,  173. 
Drum  Maw  Hill,  2r>l. 
Dnimmelzier,  258. 

fossils  from  Caradoc  rocks,  257. 

Dnimmore,  Wigtownshire,  216. 

Bum,  BalUntrac,  471. 

Drunirauck,  504,  623,  528. 

group,  524. 

JHrellograptuM  a»cc/M  from,  524. 

Drummpail,  393. 

Drumyork    flagstones,    Tarannon,    81, 

544. 
l>ry  Cleugh,  285. 
Dryfe  Water,  213. 
Dry  hope  Hope,  140. 
Duffkinnel  VVater,  150. 
Ihiisk  R.,  417. 
Dunlarg,  490. 
Duncan  Oill,  233. 

Head,  233. 

Dunclrennan,  552. 

Duneaton  Water,  327,  328. 

Dunniewick,  481. 

Dunite,  468. 

Dunanncc,  black  shales  at,  170. 

and  fossils  from,  170. 

Dunragit,  387,  394,  ;«5. 

Dunrod  Bum,  555. 

Dunscore,  156. 

Dunside,  574,  575. 

Duntercleugh,  227,  243,  251,  289,  291, 

321. 

Bum,  292. 

conglomerat'C,  82,  323. 

fossils  from,  ^^24. 

grit.  320,  321. 

Rig,  324. 


Emly  Bank,;267. 

Enterkin  Bum,  331. 

Enterkinfoot,  199,  332,  383. 

Entertrona.  116,  121. 

Epidiorites,  91. 

Emci-ogo  Loch,  169,  170. 

Eskdalemuir,  213. 

Esk,  Pefttland  Hills,  section,  596-599. 

ETHRKiiMiR,  R.,  junior,  27,  28,  503. 

senior,  347. 

Ettrickbridge-end,  section,  121-128. 
Ettrick  Pen,  211,213. 

River,  212. 

Euchan  Water,  351,  355,  364,  365,  386. 

Ewe  Hill,  361,  362. 

Ewes  W>ter,  Langholm,  558. 

Lugate  vVater,  196. 

Eyan  Water,  Moffat,  21 1. 
Eyemouth,  209. 


Dupin,  491,  493. 

Mid  Burn,  492. 

East  Bum,  492. 

Farm,  492. 

(ilen,  492. 

Dyke  Farmhouse,  550. 
Dykes,  625. 


E 


Eamscleugh,  206. 

Bum,  Lauderdale,  196. 

East  Burn,  Lammcr  Ijiw,  275. 
Easter  Bum,  Blythe  Burn,  207. 
Eastern  Highlands,  pebbles  from,  210. 
Eastside  Burn,  Culter  Water,  233. 
East  Mains  Hill,  240,  241. 
Economic  pro<lucts,  652. 
Eddleston,  251. 

Water,  252,  263. 

Eclgerston  Burn,  561. 
Elder  Bum,  366. 
Eldinhope  Bum,  113. 
Eldrig  Loch,  Mochrum,  180. 

Tarff  Water,  399. 

Eller  Scaur,  Crawick  Water,  319. 
Elvanfoot,  155,  199,  200.  332. 
Elvan  Water,  328. 


Fair  Burn,  Camps  Water,  232. 

Fairj'dean  Burn,  251. 

Falbogue  Bay,  215,  553. 

Faldonsidcmoor,  Melrose,  207. 

Farflcn  J'armhouse,  523. 

Fardingmulloch,  3:^,  334. 

Fast  Castle,  209. 

Fauldribban  Hill,  522. 

Fault,  Glen  App,  411.  507. 

Fell  Hill,  454. 

Felsite-soda,  53.  88,  89,  257,  258,  260. 

analysis  of,  88,  89. 

perlitic,  53,  89,  261, 

Fernie  Bum,  Sit  Bum,  195. 
Fingland  Bum,  Sanquhar,  298,  299. 

Si>ango  Water,  326,  327. 

Finnart  Holm,  R.  Stinchar,  450,  452. 
Fish  Ijeds  (Downtonian),  577. 
Fish  fauna  of  Upper  Silurian,  565. 
Fish  House,  Glenluce,  182,  183. 
Flaser-epidote     rocks,     Carlton     Hill, 

456,  457. 

Loch  ton,  458, 

Fleet,  Little  Water  of,  172. 

Flett,  J.  S.,  624. 

Flkmin<j,  Mr.,  8,  556. 

Flemington  Bum,  250. 

Flint  Hill,  246,  247. 

Feoch  Bum,  416. 

Fountainhall,  190,  194. 

Fox  Howard,  470. 

Frenchland  Burn,  130. 

Friar's  Nose,  Lammer  Law  Burn,  275, 

276. 
Frodaw  Height,  559. 
Fmid  Water,  142,  143,  144,  200. 


G 

Gabbro,  foliated,  91. 

of  Bumfoot,  90. 

pegmatite,  473. 

Gabsnout,  387,  393,  401,  419. 

Bum,  393,  394. 

Gair  (iill,  238. 
Gait  Crook,  126. 
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(>»la  Bank,  253.  Oladhouse  Water,  section,  266. 

Galashiels,  203.  Glassoch,  R.  BUdenoch,  301,  419,  420. 

Gala  Water,  190,  193,  194,  199,  270.  Ofanconoine     zone     in    the    Hagshaw 
Galena,  654.  Hills,  58.5. 

Galloway  granite  masses,  607. in  the  Pentland  Hills,  602. 

Gameshope  Bum,  139.  (vlode  Knowe,  205. 

Game's  Loup,  Ballantrae,  441.  (ilen  App,  387,  416.  421,  507. 

Gairland  Bum,  Spango'Water,  326. fault,  372,  411. 

Haggis  rock  altered  at,  326.  (ilenalyraer  Burn,  Sanquhar,  325. 

Gardiner,  Miss,  35,  77,  617,  633,  637,  Glenbuck.  582,  583. 

645,  646.  Glen  Bum,  section,  163,  164. 

Garheugh,  174,  179.  Euchan  Water,  :i5i>. 

Garlic's  Cleuch,  Winterhope  Bum,  139. lava  at,  354. 

G«rliestown  Bay,  216.  Glencaird,  396. 

Gamabum,  Colmonell,  470,  481.  (ilencaple  Bum,  section,  288. 

Farmhouse,  478.  (ilencotho,  section,  258. 

Garpol  Water,  Moffat,  131.  (Jlendorch,  295,  297. 

Garpool  Bum,  New  Cumnock,  367.  Glendowi-an  Hill,  324. 

Garryhom,  378,  379.  Glendrishaig  House,  Ballantrae,  424. 

Bum,  378,  379,  382,  640.  Glendrissock  Hill,  500,  501,  606. 

Garthland,  401.  Glendyne  Bum,  Sanquhar,  301,  302. 

Garvald,  276.  Glenessland  Bum,  157. 

Farmhouse,  267,  269.  Glen  Farmhouse,  164. 

(iarviland,  393,  394.  Glengaber  Bum,  Meggat  Water,  140. 

(Gatehouse  of  Fleet,  213.  Wanlock  Water,  291. 

Gatelochside  Bum,  366,  367.  Hill,  291,  292. 

igneous  rocks  at,  367.  (zlengap  Bum,  325,  326,  365. 

Garwachie,  390.  Glengonner  Water,  280. 

Geikie,   Sir  A.,   15,   16,  18,  209,  431,  Glenguffbck  Hill,  325,  326. 

437,  465.  523,  586,  590.  Glen  Hall,  151. 
Results  of  previous  investiga-  Glenhapple  Moor,  390. 

tors  summarised  in  1867  by,  18.  Glenhead,  PolifTerie  Bum,  363. 

—  Professor  James,  15,  16,  507,  560.  Glenhowl,  393,  419. 

General  description  of  Strata--  Glenim,  330. 

Sedimentation    continuous    during  Glenimshaw  Burn,  3^)^). 
Silurian  period,  37.  Glenjaan  Bum,  346. 
Geological  Survey —  Glen  Ken,  199. 
fossils  discovered  at  Leadhills  by  (ilenkiln,  section,  146-150. 

R.  L.  Jack,  18.                                    '  (ilenkip  Bum,  Snar  Water,  294. 
Mapping  of  Silurian  rocks  begim,  (ilenlaggie,  408. 

15.  Glenlarrie  Burn,  355,  356. 
Order    of     succession    originally  pillow  lavas,  355. 

adopted  by,  19.  *  Glenling  black  shale  bands,  174. 

'    —     Pnlseontelogical    anomalies     ex-  section,  177,  178,  179. 

plained    by    Barrande's    Theory    of  Glenliscleugh  Bum.  Crawfonljohn,  322, 

Colonies,  19.  323. 

Re-examination  of  Silurian  i'ocks,33.  ( f  lenlochrie,  505. 

Results  of  re -examination,  35,  36.  (rlenlosk  Bum,  Cog  Bum,  297,  298. 


(Jiant'H  Grave,  236.  (^Ilenluce,  172,  182,  199,  200,  387. 

Gillespie  Bum,  180.  181,  182.  diorite,  624. 

(iipsy  Head,  5^55.  (^lenmaddie  Bum,  354. 

Point,  554.  Glenmanno,  337. 

Gimnienbie  Bum,  Water  of  Milk,  558. Bridge,  337. 

(virvan  Rocks  (igneous),  432,  465,  466.  (rlenmarch  Hope  Bum,  292. 
(unconformable  sedimentaiy  Glenmartin  Burn,  Straiten,  547. 

.series).  484.  <Ylenmount,  Big  Hill  of,  373. 
collection  of  fossils  by  Mrs. lavas  and  cherts,  373. 

(;ray  from,  28.  '  Wee  Hill  of,  373. 

conflicting    palieontological  (ilen  Muck,  Dalmellington,  372. 


evidence,  26.  (»len  Plantation,  Luce  Water,  394.  395. 

(liscovery  of  graptolite  zones  Glenrae  Burn,  320. 

by  C.  Lapworth  in,  30.  Glenruther,  396,  397. 

Lapworth's  order  of  succes-  Glenshalloch  shales,  533. 


sion  in,  29.  Glenskelly  Burn,  Moniaive,  384. 

unconformability  at  base  of.  Glen  wells  Bum,  531,  532. 

484,  494.  shales,  531. 

unconformability  in,  31,  541.  (ilenwhing  Bum,  326. 


Girvan  Valley,  462,  501,  507,  522,  523,    (ilentewing  Bum,  Duneaten  Water,  322. 

527,  544,  546,  547.                                     ('len  Trool,  sections,  395,  396. 
Water  Head,  418.  I^odge,  395. 
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Th^  Sihirian  Rocks  of  Srotfavd, 


(ilcHsal  Hill,  4.)4. 

<;ie»»el  Burn,  IJerlKJth,  373. 

lava  aii<l  cherts  in.  373. 

Goat  Burn,  381. 
'  Gold,  656. 
(iloodbuflh  Hill,  578. 
Gordonston,  347,  3.'>(>. 
Ooseland  Hill,  242. 
(itott,  Snar  Water,  321. 
Gi-ains,  Camps  Water,  231. 

Bum,  Sanquhar,  308,  309. 

Granitites,  91. 

Granulitisation     of     cherts,    Benniner 

(Jairv,  362. 

^—  Glen  Trool,  395. 

Kells  Hills,  Loch  I)oon,  640. 

Spango  Water,  326. 

(irassfield,  248,  249. 

Gray,  Mrs.  Robert,  27,  28,  490,  494, 

495,  503,  509,  510,  511,  517,  518,  521, 

524,  525,  526,  529,  TiSO,  532,  536,  538, 

540,  543,  546. 
Green  Bum,  Lauderdale,  197. 
(•recn  Garli,  Menock  Water,  329. 
Green  Hill  of  Knockganlner,  550. 

Penwhapple,  5*>9. 

(;reenhill,  Selkirk,  208. 
Greenkuowe«  Cottage,  410. 
CJrieaton,  208. 

Quarry,  206. 

fossils  fitim,  206. 

Gi-egg  Water,  R.  Stinehar,  463. 
Grennan,  216. 

Bay,  186,  187. 

fossils  from,  187. 

Grey  Hill,  (Jirvan,  481. 
Grey  wacke  and  Slates  - 
cleavaeo  of,  211. 

—  —  micToffaser  structure  in,  211. 

—  schistosity,  211. 
sericite  in,  211. 

GuflFock  Hill,  308,  309,  310. 
(iutterforfl   Burn,  Pentland  Hills,  591, 
593,  603. 


H 


Habbie  s  Howe  inlier,  604. 
Ha'  Cleugh,  Nithsdale,  330. 
Hadyard  Hill,  508,  521,  534,  537,  544, 

546. 
Haematite,  655. 

vein  in  Dounan  liay,  411. 

Haggis  rock,  238,  239,  240,  241,   244, 

248,  249,  251,  2.52,  325,  327,  3i'>l,  368, 

374,  412. 

— fossils  from,  240. 

Hagshaw  Hills  anticline,  581. 
Halketlcaths  Mill,  215. 
Hall  Bum,  Scar  Water,  337. 
Halfmark  Burn,  378,  382. 
Hall,  Sir  James,  5,  6,  201,  632. 
discovery  of  fossils  in  Wrae 

limestone,  5. 

experiments  on  folding,  6. 

Fast  Castle,  foldedstrataat,  6. 

folds    produced    by    lateral 


Hall,    Sir  James,    horizontal    thrust 

due  to  internal   heat   of  the  earth. 

6. 
intrusionH  of  granite  M'est  of 

Loch  Ken,  6. 
Hall  Bum,  Scar  Water,  337. 
Hamilt4>n  Hill,  Peebles,  259. 

fossils,  260. 

Hangingshaw,  270. 

Hardie,  Mr.,  593,  595. 

Hare  Hill,  Pentlands,  605. 

Hare  Hill  antimony,  656. 

Harehope  Bum,  252. 

Hareshaw  Shepherd's  House,  602,  603. 

Hakker,  Alfred,  649. 

Harkness,    Profes.s<ir,   9,   14,   18,  213, 

347,  348,  384. 
three    anticlines    of    black 

shales  traced,  9,  10. 

repetition    of    black    shale 


bands  by  faults,  10. 

Glenkiln  section,  14. 

Barlae  flags,  14. 


compression,  6. 
granite  an  igneous  rock,  6. 


Harry  Bum,  Laudenlale,  2<Hi. 

Hartfell  section,  133-138. 

Hartree  Hills,  243. 

Hartside,  271. 

Harzburgite,  468. 

Haswell,  Geor<]K  C,  16.  17,  59JI 

Hatch,  Dr.,  220. 

Hanick  rocks,  81,  201,  208,  213.  214, 

215,  .551. 
Hawkwood  Bum,  217,  223,  224.  246. 
Hazel  Gill,  239. 
Headshaw  Bum,  I^audcrdale,  272. 

Linn,  i:«. 

Heathery  Burn,  Sit  Bum,  195. 
Heddle,  Professor,  469,  474,  475. 
Hekdersox,  John,   17,  591,  .596,  597, 

599,  600,  604. 
Henshaw  Bum,  598,  59J),  600. 
Hensol  black  shale  bands,  170. 

House,  170,  171. 

Heriot  Water,  267,  269. 
Heron,  Loch,  392. 
Heronsford,  Ayrshire,  452. 
Heugh,  Blythe"  Water,  207. 
High  Cairn  Hill,  368,  369. 
High  Knypes,  Spango  Water,  327. 
High  Minniwick,  3^. 
High  Newlands,  528,  529. 
Hillend,  Clovenfoixis,  204. 

Water  of  Deugh,  376. 

HiNDE,  G.  J.,  'M. 

Radiolaria  described  by,  34. 

History  of  Previous  Research,  5. 
Hodge  Bum,  114. 
Holm  Bum,  R.  Ken,  362. 
Holms  Water,  231,  258,  263. 

Waterhead,  Glencotho,  262. 

Hone-stones,  653. 

Hope  Burn,  Heriot  Water,  267,  268. 
Hope's  Water,  Lammermuirs,  276. 
HoPKiNSox,  Mr.,  22,  26. 
Homblende-dolerite,  91. 

—  -olivine  gabbro,  482. 
-    —  -picrite,  470. 
—     -schist,  91. 

of  Carleton  Hill,  456,  457. 

of  Laigh  Knockclauch,  458. 
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HoRNE,  John,  10,  33,  640. 
Horseman's  Bum,  33(). 
Horse  Rock,  540,  542. 
Horton  Oill,  285,  289. 

LoganograptUM  Logani  from, 

286. 
HouoiiTON.  Mr.,  468. 
Howcan  Bum,  Cog  Bum,  297. 
Howe  Cleuch,  Eyan  Water,  143. 
Howe  Gill,  Culter  Water,  236,  238. 
Howell  Bay,  554,  555,  556. 
Howe  of  Laggan,  Barr,  463. 
Hunter,  Dr.,  667. 
Hunterheck  Hill,  210. 
Hunt  Law,  Snar  Water,  293. 
HUTTON,  J.,  6,  6. 

Origin  of  Schistus  MountaiuH,  5. 

Siccar  Point,  section,  5. 

unconformability  in  Jed  Water,  5. 

Huxley,  Thomas,  14. 
Hyndlee,  561. 

Hvperite,  612,  613,  617,  624,  625. 
-^—  dyke,  631. 


Inlier,  Bavelaw  Castle,  604. 
—     Carmichael  Bum,  586. 
Cheviot  Hills,  561. 

Craitfenteme,  605. 

—  Habbie's  Howe,  604. 

Lesmahagow,  570. 

Lj'ne  Water  to  Green  I^w,  590. 

Riccarton  and  Wolfelee,  560. 

Iimerleithen,  192,  193,  205,  269. 
Isle  of  Whithorn,  551. 


J 


Jack,  R.  L.,  323. 
Jameson,  Professor,  6. 

*'  Mineralogy  of  Dumfries,"  6. 


Jc<l  Water,  561,  562. 
Jeffrey  Rig,  141, 


K 


Kkllo  Water,  :^64. 
Kells  Farmhouse,  .South\i'ick,  610. 
Kells  Hills,  395. 
Kelphope  Burn,  273. 
—  Water,  276. 
Ken,  Loch,  101,  633. 
—  R.    Valley,   344,    345,   346,   347, 
350,  351,  358,  383. 
Kennedy's  Pass,  446,  459,  494,  498. 
Key  Gill,  Culter  Water,  235. 
Kiilaw  Burn,  276. 
Kilbucho  Burn,  241,  242. 

fossils  from  quarry,  243. 

grit,  82,  238. 


Kilintnngan  Bay,  415. 
Killochan,  523,  539. 

Station,  462,  501,  509. 

Kiln  Burn,  309-313. 

volcanic  rocks  of,  311. 

Kilnotrie,  169,  170. 
Kilranny  Bum,  446. 

Hill,  459,  460. 

Kih-ubie  Hill,  251. 

Kingledoors  Bum,  199,  232. 

Kip  Bum,  677,  578. 

Kippery,  Mulloch  Hill,  528. 

Kirkandrews  Bay,  215.- 

Kirkbean  Bum,  554. 

Kirkbride,  Sanquhar,  330. 

Kirk  Burn.Glengonner  Water,  283,  285. 

Kirkconnel,  near  Sanquhar,  386. 

Bum,  Shinnel  Water,  384. 

Kirkcowan,  183. 

diorite,  624. 

Kirkcudbright  Bay,  213,  214,  215,  551, 

552,  553,  556. 
Kirk  Hill,  MuUoch  Hill,  528. 
Kirkhoble,  River  Cree,  396. 
Kirkland    conglomerate,    Girvan,    88, 

487. 

Bum,  488,  601. 

Hill,  River  Stinchar,  495. 

Kirkland  Hills,  Sanquhar,  327. 
Kirkton  of  Crawforti,  228,  229. 

railway  cuttins  opposite,  229,  230. 

Kirriemore  Bum,  Minnoch  Water,  418. 

Kirwan  Plantation,  176. 

Knarie  Burn,  160. 

Knipe  Hill,  New  Cumnock,  366. 

Knockbain,  Ayrshire,  494,  495,  496. 

Bum,  496. 

Farmhouse,  512. 

fossils  from  Balclatchie  mudstones 

at,  512. 
Knock  Bay,  415. 
KnockbraKe,  458. 
Knockbrex,  215. 
Knockdaw,  457. 

Hill,  457,  469. 

Knockdhu,  451,  453. 

Bridge,  453. 

Burn,  451,  499. 

Knookdolian,  46(>,  471. 

Barns,  Stinchar  limestone  at,  500. 

Castle,  449,  452. 

Hill,  volcanic  rocks  of,  449,  452; 

intrusive  igneous  rocks  of,  470,  471, 

478,  481. 
Knockdon,  Ciirvan  Water,  373. 
Knockgardner,  Straiton.  544,  547. 
Knockgerran  shales,  521. 
Knockgown,  Ballantrae,  427,  428, 429. 

Dendrograptus  at,  429. 

fossils  (Glenkiln)  from  mudstones 

at,  429. 

tuffs  at,  428. 


volcanic  rocks  at,  428. 

Knock^y  Craig,  385. 
KnockinsArroch,  Water  of  Deugh,  377. 
Knocknairling  Bum,  163. 

HiU,  618,  633,  637. 

Knockormal  Hill,  466. 


Kilfeather  Loup,  Luce  Water,  400,  401.    Knowe  School,  Wigtovmshire,  397. 
Kilgrammie,  505.  Kynance,  Cornwall,  476. 
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L  LeaclhiUft,  galena  mines,  654. 

Leaci    niineB,    Woodhead,    Cai-sphaini, 

Ladiiope  Burn,  (valashielH,  2U3.  (554. 

L*uly  Bay,  Loch  Ryan,  411.  Blackcraig,  Newton- Stewart, 

Burn,  Craighead,  Girvau,  523,  524.  654. 

—     Stmiton,  <)47,  549.  Leaze  Bui-n,  Lesmaliagow  inlier,  577. 

Lady  Hide  Burn,  Heriot  Water,  194,  199.  Leffin  Knowes,  471. 

I.^Ivwell  Farmhouse,  Trochraigue,  5<K>.  Leitben  Water,  193,  199,  264,  265. 

Lagbae«,  Canlorkin,  ;J89.  Leumahagow    district.  Upper  Silurian 

Burn,  Canlorkin,  388.  rocks  of,  565. 

Lagbrae  Head,  Crawick  Water,  316.  inlier,  570. 

Laggan,  462.  galena  from,  654. 

Gill,  (;iengonner  Water,  281,  283.  !  Lew,  M.  Michel,  632,  637. 

Oirvan,    Balclatchie    mud-  Liggatoheek,  Tarff  Water,  172. 

stones  at,  512.  Lime  Cleugh,  Caim  Hill,  331. 

fossils  from,  512.  Limestone   blocks  with   fossils  in  Old 


—  ( Wi-ae  Group)— Dinimmelzier,  258 ; 
Glencotho,  258 ;  Hamilton  Hill,  259  ; 


Lavish  Burn,  417.  Red  Sandstone  conglomerate,  606. 

Laign  Assel  Burn,  522.  Limestone    (Stinchar  group) — Aldous, 

Laigh  Knockclaucb,  456,  458,  472,  479.        495;  Beuan  Burn,  487;  Bou^ng,  499; 

Arenig  graptolites  at,  458.  Craighead,     500 ;      Craigneil,     491  ; 

Uight  Hill,  348.  Crai^wells,       491  ;      Dularg,      490 ; 

Lairdmaimoch,  Upper,  172.  Dupin,      492;       (»lenlochrie,      505; 

Lamachan,  387,  395.  Knockdolian  Barns,  500 ;  Milleuder- 

Lamancha,  248,  250.  dale,  496  ;   Minuntion,  489  ;   Tramit- 

Lamb  Law,  Leitheu  Water,  266.  chell,  493. 

l^mmer  Law,  273,  275. 

Lammerm uir    Hills,   Arenig  Llande i lo • 

Caradoo  rocks  of,  275-279.                          Winkston,  260  ;  Wrae,  255. 
Une  Toll,  460.                                             Lindean,  Selkirk,  192. 
Langholm  and  Dumfries,  Weulock  and  ' Buthograptim  laxtui  from,  192. 

Ludlow  rocks  between,  557.                     Linholm  Burn,  151. 
Langholm  Lodge,  558,  560.                          Linn  Bum,  Druidhill  Burn,  333,336. 
Langholm  and  Oxnam,  559.                         Linn  Dubh,  Barrhill,  417. 
Uingtae  Hill,  559.                                        Little  Balmae  Farmhouse,  566. 
Lapworth,  C,  History  of  Researches,    Clyde,  211. 

20-25,  29-33,  36.  | Dangart,  451,  452. 

order    of    succession  of  Siluiian    Dod,  Heriot  Water,  269. 

rocks  established  in  Moffiit  region,  24.  '.  Littlelaue,  537. 

Girvan  area,  29.  j  Little  Letterpin,  493, 

discovery  of  Middle  Arenig  grap-  '  Littleton  Hill,  479,  482. 

tolites  near  Girvan,  31.  |  Livinestone,  213. 

summary  of    stratigraphical  and  I  Lizard,  466,  469,  471. 


palajontological  researches,  36. 
—  194,  206,  271,  434,  436,  483,  485, 
488,  489,  491,  493,  501,  502,  504,  508, 
511,  512,  513,  517,  518,  519,  521,  522, 


-  gabbros,  473. 


Llandeilo,  general  description,  41-47. 

change   of  sedimenteition   N.   and 

S.  of  R.  Stinchar,  45,  46. 

523,   525,   528,   529,    531,    533,   534,    conditions  of  deposition   of  sedi- 

535,   536,   5;«,    539,   540,   541.   ,)45,        ment  of,  42,  44,  47. 

549,  604.  —  fossils  of,  42,  44,  46. 

Larbrax  Burn,  413.  —  Glenkiln  shales,  41,  42. 

Largerie,  344.  ' lateral  variation  of  sediment  from 

Larg  Hill,  388.  8.  to  N.  of  tableland,  43,  44. 

Larghill  Bridge,  164.  I  Loganoqraplus  Logani  in,  44. 

Under,  196,  201,  206.  nwliolarian  cherts  of,  41,  42. 

Lauder  Burn  quarrie?*,  Tarannon  ixjckn,  j unconformability,  Gir\'an,  45,  47. 

206.  —  volcanic    n)ck8    of,    41,     44,  42X, 

Lauderdale,  190,  199.  430. 

Lavas,  types  of  Arenig,  84.  ,  Llandovery,  56. 

Laurie,  Mr.  Maujolm,  591,  593,  594.         — -  condftions  of  deposition,  59,  62. 

Law  Kneis  Hill,  212.  ;  fossils  of,  57,  61. 

LawriesUm,  164,  170.  !   lateral  variation  of  sediment,    5l>, 

Lawver's  Cleugh,  Burnnands  Burn,  336.   '      57. 

Leadburn,  250.  ,   rocks  of,  56,  60. 

Lead  Burn,  Wandel  Water,  221.  |    sub-divisions  in  Girvan  area,  60. 

Klvan     Water,     Leadhills, zonal  graptolites  of  Centi*al  Belt, 


328. 

Leaderfoot,  R.  Tweed,  192. 
Leader  Water,  196,  207,  271. 


58. 


in  (Tirvanai*ea,  61. 


Lochcraig  Head,  139. 
leadhills     District,    Arenig- Llandeilo-          -  Dee,  387,  395. 
Caradoc  rocks  of,  281,  303.  granite,  610. 
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Loch  Doon,  Ayrshire,  362,  416. 

Wigtownshire,  176. 

granite,  326. 

Lochheacl,  Colmonell,  471). 
Loch  Ken,  L56.  214. 

Lure,  419. 

Lochmabeu,  213. 

Loch  Ryan,  410,  411,  416,  o<)7. 

Skene,  139. 

Lochtou,  Lendal  Water,  454,  455,  457, 

458,  459,  473. 

Cottage,  458,  472. 

Hill,  455. 

Loch,  (laser  epidote  rocks  at, 

458. 
Loch  Ti-ool,  395. 
Lochurd  Hill,  246. 
Lockerbie,  213,  551. 
Loganlee  Reservoir,  604. 
Logan  Water,  Lesmahagow,  570,  572. 
Logatiogr'aptus  Logani,  286. 
Long  Phillip  Burn,  202. 
Long  Robin,  Kirkcudbright  Bay,  552. 
Lousiewood  Law,  328,  332. 
Lorg  Burn,  section,  River  Ken,  360. 

Hill,  358,  359. 

Lowther  Hills,  262,  332. 

shales,  82,  232. 

Luce  Bay,  174,  177,  182,  183,  216. 

Valley,  387. 

Water,  387,  401. 

Cross  W^ater,  399. 

-— section,  401. 

Main  Water,  section,  399. 

Ludlow  rocks,  63-67,  551,  552,  557,  558, 

561,  603. 
sub-divisions  of,  80-81,  569, 

598,  599. 
Lugate  Head,  196. 

Water,  190,  195. 

Lyeli.,  Sir  Charles,  7. 

Lyne  Water,  247,  248,  250,  251,  252, 

599,  600,  602. 
Lynslie  Barn,  603. 


M 


MAfcoNm-iiiE,  A,  liS,  283,  347,  567. 
Mac-Coy,  Prof.,  11,  26,  28. 
MAC(jrij.ocH,  Dr.,  7. 
Machars,  The,  215. 
Macherniore,  182. 
Macherwhat,  450,  471. 

MacLaREN,  CHARLE8,  7. 

Geology'    of    Fife    and    the 

4jothian8,  7. 
Maclurm  zone,  489. 
Mains  Hill,  Ballantrae,  446,  447,  448, 

481. 

agglomerate  of,  448. 

augite-andesite  at,  448. 

Main  Water  of  Luce,  399. 

Malzie  Water,  177,  178. 

Manganese,  656. 

Manse  Rig,  Kilbucho,  242. 

Manwhill,  343,  346. 

March  Burn,  conglomerate  at,  384. 

Kello  Water,  365. 


March  Burn,  NewCumnock,  section, 368. 

Cleuch,  330. 

Port,  Portpatrick  shore,  412. 

March  Syke,  Rankle  Burn,  212. 

•*  Margie  Series,"  297. 

Margree,  347,  349. 

-^ —  Burn,  section,  349,  i}50. 

Mark  Broom  Farmhouse,  392. 

Cleugh,  section,  157.  158. 

Marnhoul  Slate  Quarries,  214. 

Martour  Hill,  342. 

Marr,  J.  £.,  59. 

Mathieson,  R.,  206,  259. 

May  Farmhouse,  sections,  near,  176, 177. 

M*K.iE,  Mr.,  of  Knockgen-an,  521. 

Meigle,  204. 

Meikle  Arthur  Grains,  329. 

Carco,  313. 

Letterpin,  462,  512. 

Ross,  215. 

Westland,  367. 

Melrose,  201,  202. 

district  south  of,  207. 

Menock  Water,  Sanquhar,  301,  328, 
329.332. 

Mere  Cleuch,  233. 

Metamorphisni,  contact,  632-652. 

of  Haggis  rock,  326. 

radiolarian  cherts,  326,  362,  395, 

640,  641,  642. 

Mica-schist  pebbles  in  Pinstane  con- 
glomerate, 210. 

Mica  trap  dykes,  628. 

Mid  Craig,  Loch  Skene,  section,  139. 

Middencots,  328. 

Middlemoor,  329. 

Midlock  Water,  231. 

Mid  Rig,  355. 

Miljoan,  485. 

Millenderdale,  flaser-gabbro  at,  477. 

granulitic  gabbro  at,  477,  478. 

Stinchar  limestone  at,  496. 

unconformability  at,  496. 

MiUeur  Point,  410. 

Mill  Scar  Hill,  Crawfordjohn,  322. 

Milton  Hill,  River  Stinchar,  485. 

Miltonpark  Bum,  S50. 

Mineral  wells,  656. 

Minuygryle,  349. 

Minnoch' Water,  395,  396. 

section,  418. 

Minuntion,  488,  490. 

Burn,  volcanic  tut!  in,  460. 

Quarry,  489,  490. 

fossils  from,  490. 

Mispickel,  656. 

Moak  Hill,  455. 

Mochnim,  180. 

Money  Head,  189. 

Moniaive,  348,  384. 

Monk*8  Water,  585,  586. 

Monograpt  un  Stdgiricki  mudstones,  534. 

Montraw,  385. 

Moorbrock  Ciairy,  363. 

Morracb  Farmhouse,  Isle  of  Whithorn, 
551. 

Moore,  J.  Carrick,  7,  9,  10,  14,  410, 
416. 

graptolite^    discovered    by 

(Loch  Rvan),  7. 
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M(H)KK,     J.     Carkk'k,     inversion     i"  '  Nicol,   Professor  James,  7,  H,  11,  13, 

Sihirian  nnks  of  Wigtownshire,  14.           18,  2r)6,  262. 
Fossils  discovered  in  Stinchar    Anticlinal      structure    of 

limestone,  9.  Silurian  rocks  iuferre<l  by,  9. 

Moorv  Sike,  111. graptolites    discovered    at 

Mossf)rae  Height,  212.  Grieston  by,  7,  206. 

MoHsfennan  Brae,  258.  <vuide  to  (ieology  of  Seot- 

Mosspaul,  551.  land,  8. 

Mountbenger,  section,  113,  114.  Wi-ae  limestone,  fossils  from, 

Mountherrick  Hill,  327.  8. 

Mountskip  Wood,  1«5,  167.  169,  213.        Nisbet  Burn,  Culter  Water,  239. 

Morroch  Bay,  409,  419.  Nith,  River,  213,  330-332,  383. 

section,  401-408.  at  Bummouth,  section,  333, 

MuU  of  CJalloway,  183,  188.  334. 

granite  mass,  623,  624.  Noblehouse,  Arenig  lava  near,  248. 

Mulloch     Bay,    Kirkcudbright    shore,    Xorth      Esk,     Forfarshire,      schistose 

553,  554,  556.  igneous  rocks  in,  329. 

Mulloch  Hill,  508,  529,  530.  Xorth   Esk,  Pentland   Hills,   589-600, 

conglomerate,  523,  528.  603. 

group,  81,  527,  531.  North  Threave,  528. 

<iuarries,  529,  530.  Nout  Craig,  Holms  Water,  263. 

sandstones,  528-53*). Burn,  Holms  Water,  263. 

McRCHisoN,  Sir  R.  I.,  10-14,  18.  i  Nutberry  Hill,  570-572,  578. 
anticlinal  axis  accepted  bv,  j  . 

12.  "^  •    \\ 
coiTelation  of  Scottish  Silurian 

rocks  with  those  of  Wales,  12.  [  0 

—  list  of  fossils  from  Ayrshire, 


11. 

i*epetition  of  black  shales  due 


Old  Cam  bus,  209. 

Harestanes,  246. 

to  folding,  12.  Milkieston,  263. 

skctcli  map  of  coast  of  Ayr-  i Water,  163. 


shire,  12.  *      I  ^^  Whiplaw,  206. 

sulKlivision  of  Silurian  rocks    Olivine-enstatite  rock,  468. 


of  Ayrshire,  12.  Ores,  653. 

summary  of  views  given  in    Orthis  conjinin  flags,  487,  489. 


Siluria,  4th  edition,  1867,  18.  Oxnam,  559. 
Muck  Water,  River  Stinchar,  463,  507. 
Mutton  Hole,  141. 

Myoch  Bay,  517,  518.  P 

Packman's  Bukk,  202. 
i  Papana  Water,  section,  276. 

N  Parishholm,  582,  583. 

Partland  Place,  368. 

Ness,  Olen  of,  372.  Parton  slate  quarries,  214. 

Netlior  Cairn,  New  Cunuiock,  368.  Pathhead,  633. 

Nether  Cog,  317.  Patio  Clench,  Shinuel  Water,  338,  339. 

Nether  Forrest,  Pulharrow  Burn.  344,  Peach,  B.  N.,  15,  16,   19,  33,  34,  567, 

345.  593. 

Nether  (ilaisters,  m),  160.  Peat  Rig,  Bail  Hill,  307. 

Nether     Howe    Cleuch,     flaser    grey-  Peathoiise    Cleuch,    Chanlock    Water, 

wackes  at,  211.  337. 

Nether  Phawhope.  118.  Peden's  Cleuch,  560. 

Nether   Whitecleuch    Burn,    321,    322,  Penchrise  Bum,  559. 

323.  Penfrau  Burn,  315,  316. 

section,  321.  Penkill,  544. 

Netherlaw  Point,  '^i^.  Burn,  535,  546. 

New  ('hannelkirk,  273,  274.  River  Cree,  172. 

New  Cumnock,  366.  group,  81,  545. 

grail ite,  625.  Pentamerus  grits,  531,  532. 

New  Calloway,  161,  2<K),  213.  limestone,  81,  535,  536,  543. 

Newhall,  Cadou  Water,  2i>5.  Pentland  HiUs,  7,  15,  589,  603. 

Newlands,  531,  532.  Davidson  on  Brachiopoda  of, 

series,  527.  1 7. 

sub-divisions  of,  527.                   —  fossils    discovere<l    by  Mac- 
New  Luce,  4<K),  401.  laren,  7. 

Newton-Stewart,  172,  200,  389,  390. fossibj  described  by  Salter,  15. 

Nicholson,  Professor,  27,  28,  34,  502,    Haswell    on    Silurian  rocks 

503.  of,  16,  17. 
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Peiitland  Hills,  Hendorsoii  an<l  lirown    Polshill     volcanic     n)cks     »ilterccl     hy 

on  Silurian  rocka  of,  17,  "»91.  granite,  3(>8. 
.__    xone  map   and  sections    Pmtallan  Burn,  Caradoc  volcanic  ifx-ks 

by,  17.  in.  304,  365. 

survey  by  A.  (veikie,  lo,  590.  ,  PolthiBtly  Bum,   Crawick   Water,  scc- 


Penwhapple  (Burn)  (lien,  508,  515,  519,        tion,  318,  319. 

533,  534,  535,  537,  538,  539,  rA2,  540. andesitic  tuff  in,   319. 

547.  Polvaddoch  Burn,  R.  Ken,  section,  358. 

Permian  breccia,  Snar  Water,  321.  Polvmodie  Bum,  gTapt<ilitefl  from  near 
Petillery  Hill,  377.  mouth  of,  410. 

Petrography  of  Lower  Silurian  igneous  Pondreigh      Burn,     Tarannon     fossils 

rocks,  84-91.  from,  207. 

Phawhope  Burn,  120.  Ponesk  Water,  galena  fi-om,  ^)5. 

Phiujps,  Johx,  7.  Porfido  verde  antiquo,  84,  425. 

Phyllites,  211.  Porphvrite  Dykes,  615-627. 

Picotite,  90,  473.  Portandea,  Ballantrae,    387,    421-42i">, 

veins,  469,  478.  506,  507. 

Piedmont  Bum,  501.  section,  421-423. 

Glen,  522.  JJtmdrographis  from,  422,  423. 

Pillow -stnictu re  in   lavas  of  Southern  volcanic  rocks  at,  421,  422. 

Uplands,   84,  85,  86,  280,  367,  390,  Poi-tayew  Bay,  199. 

431  ;  of  Cader  Idris,  432;   of  Ireland, section,  409. 

431 ;  of  Saxony  and  California,  431.  Port    Caifllooh.   barren   flagstones    at, 
Piltanton  Plantation,  409.  517. 

Pinbain,  442.  Port   Long,  Dounan  Bav,  haematite  at, 
Bum,  442,  443,  444,  446,  459,  46<i,        411. 

471,  473,  474.  Portmore,  K<ldlestoni  section,  253,  254. 

Hill,  445,  44(i,  459,  4<K),  472,  473,  Ijoch,  '2rA. 


498.  Portobello,  Portpatiick  Shore,  412. 

Shoi*e,  section    of   volcanicr  rocks.    Portpatrick  district,  401-410. 


442,  443.  Port  Vad,  438,  439. 

Pinbreck  Hill,  R.  Stinchar,  463. pillowy  lavas  at,  438,  439. 

Pinmacher,  462,  500.  Potburn,  section',  R.,  Ettrick,  118. 

Pinmerry,  511.  Poundland,  R.  Stinchar,  453. 

Pinmoi-e.  R.  Stinchar,  491,  495,  522.  Hill,  picotite  at,  468,  469. 

Bridge,  495,  496.  Powskein  Burn,  142,  14^^. 

Mains,  453.  Prickeny  Burn,  375. 

Pinstane    conglomerate,   quartzite  and  PriesthauKh  Burn,  560. 

mica-schist  pebbles  in,  210.  Priesth ill  Height,  570. 

Hill,  210.  Priestlaw  granite,  625. 

Pirn  Quarry,  Innerleithen,  192,  193.  Prieston  Hill,  453,  454,  470. 
Lhindovery  graptolites  Prinolk,  Mr.,  208. 

from,  193.                          "  Protovirtjulnria-gritfif  MC}. 

Pissah  Hill,  section,  244.  Pseudophite,  91,  476. 

Pishnack  Burn,  section,  152,  153,  154.  Pteiygofw*  l>eds,  574. 

plan  of,  152.  Pulharrow  Bum,  344,  345. 

Pi-VVKR,   .J.    HoRT,   analyses   by,  040,  Pulmatldy  Burn,  Deugh  Water,  344. 

644.  Pulnabrick  Bum,  395. 

Playkair,  Professor,  5,  6.  Pyked  Stane  Hill,  246. 

Pfeuroyraptvjt   linearij*    i-econletl    from  Pyroclastic  rocks,  87,  88. 

Camrie,  (llenluce,  393.  Pyroxenite,  465,  473. 
Plumbago,  173. 

at  Talnotrie,  Newton -Stewart,  173. 

Pochrie^avin  Bum,  section,  375. 

Podowrin     Burn,    section    of    Ludlow  (^ 

rocks  in,  582-583. 

fossils  from,  583.  Quarrel  Hill,  523,  524,  528,  530. 

Polcrag  Bum,  section  an<l  lists  of  graj)-  Quartercake  Burn,  556. 

tolites  from,  313.  Quartzite  - conglomei-ate    (Downtonian), 

Polgown,  Scar  Water,  356.  hori7X)n     ot .   569 ;      in    Lesmahagow 

Bum,  section,  35()-358.  inlier,  579;   in  Hagshaw  Hills,  585  ; 

Polhote  Burn,  section,  371.  in    Carmiohael     Bum     inlier,    586; 

Polmoody  section,  130.  area  south  of  Tinto,  r)88;  in  Pentland 

Polmorlach,  385.  Hills,  600. 

Burn,  section,  368-371.  pebbles  in  Pinstane  conglomerate, 

Polsalloch  Bum,  Kello  Water,  Camdoc  210. 

volcanic  rocks  in,  365.  —  from  Highlands,  256. 

Polshill,  New  Cumnock,  366-368.  -  and  quartz-schist -pebbles  in  Craig- 

granite  at,  368.  enputtock  conglomerate,  214. 

volcanic  rocks,  366.  Queensberry  gritsi,  81^  201.  210,  214.~ 
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Kadiolai-ian  cliert  in  Forfarsliire,  3*2t). 
Raeberry  Castle,  553,  mi^^  550. 

Point,  555,  556. 

Raeshaw  Wood,  Ladj-nicie,  270. 

Raggen  Gill,  225,  227. 

Railway  cutting  south  of  Ahington,  2:^0.        bright,  9 


Saj.ter,  J.  W.,  9-15,  26,  208,  21)9,  5lH». 

**  Cambridge  Catalogue,"  2G. 

**  Monograph  of  British  Trilo- 

bite«,"  26. 
8tinchar  limestone  and  Loch 


Ryan  slates,  fossils  of,  9. 

Wenlock     fossiln,     Kirkcwl 


Ramsay,  Sir  A.  C,  13,  15,  209. 
Ramsgill  Crag,  pillowy  lava  at,  247 
Range  Cleuch,  aeotions,  108,  118. 


Wrae  limestone,  list  of  fossils 


from,  8. 
Salt  Pan   Bay,   Portpatrick  coast,  412, 
Ranlcle  Burn,  Tarannon  rocks  in,  211,        413. 

212.  ,  Sandy  Knowe,  270. 

RastrifdM  maximuH  shales,  (rirvan,  53<i.  i  Sanquhar,  303,  351,  .366. 

zone,  81.  |  Sauchet  Water,  Stenton,  scn^tion,  279. 

Raven  (iill,  Glencaple.  section,  286-288.    Saugh  HiU,  527,  533,  534,  537,  539. 

—  -     - —  Arenig  fossils  at,  286. grits,  534,  543,  544. 

—    —  gabbro  in,  286. gi^up,  81,  527,  531. 


288. 


shelly     mudstones      at,    Saxonite,  465. 

Scab  Cleuch,  118,  119. 
volcanic  rocks  in,  288. 


Dod,  283,  285. 

Red  Scar  Rig,  275. 

Ree  Burn,  Wanlock  Wat-er,  2tK),  291. 

Ree  Bum,  Douglas  Water,  582,  583. 

R^ecleuch  Burn,  Snar  Water,  294. 

Reedy  Gutter.  291. 

Reeve    Burn,   Spango   W^ater,   contact 
inetamorphism  at,  326. 

Reeve  Sike,  Camps  Water,  231. 

Re^land,  Cara<loc  graptolites  at,  349. 

Rein  Gill,  section  and  list  of  Glenkiln- 
Hartfell  graptolites,  223. 

Rhinns  of  Galloway,  183,  215,  216. 

Rhombic  pyroxene  of  Ayrshire  serpen- 
tine. 469.' 
analysis  of,  4(i9. 

Rhymer's  Glen,  Melrose,  section,  190. 

fossils  from,  191. 

Riccarton  inlier,  560,  .561. 

Burn,  561. 

Richard's  Cleuch,  562. 

Riddenlees,  section,  248,  249. 

Rig  Bum,  fossils  from,  657. 

Rigs,     Tweedsmuir,      Birkhill      fossils 
from,  143. 

Ringdoon  section,  392. 

Ringford,  172. 

Road  metal,  652. 

Robb's  Craigs,  555. 

Romanno  Bridge,  250. 

Mains,  250. 

Rome  Hill,  217,  225. 

RoMENBUSCH,  Professor,  468. 

Rough  Cleuch,  Menock  Water,  301.  302. 

—  Craig,  Lorg  Hill,  358. 

—  Gill  section,  220. 

—  Naze,  356. 

—  Neuk,  530,  531. 
Shoulder,  ;i58. 

Roundstonefoot  section,  130. 
Rowantree  Gutter,  108. 
Rule  Water,  560. 
Ruttonside  section,  138. 


Scar  Burn,  163. 

Water,  337,  347,  348,  356,  358. 

Scart  grits,  543. 

rocks,  542. 

Scarty  Head,  189. 
Schistose-diabase,  228. 
Scotston,  247. 

House,  248. 

Seduwick,  Professor  Adam,  10,  11,  IS, 

26,  500. 
sub-division  of  Silurian   Rocks  of 

Southern  Uplands,  10,  11. 
Seggholm,  Muirkirk,  578,  588. 
Selcoth  Burn,  ia5,  107. 

fossil  lists  from,  106. 

Selkirk,  201. 

Common,  208. 

Selkirk,  Eakl  of,  9,  .>.)6. 
Sei^pentine,  89,  90,  460. 

analysis  of,  89. 

Balhamie  Hill,  89,  90,  466. 

Loch  ton,  472. 

picotite  in,  90. 

Shalloch,  540,  541,  543. 

-  --  Hill,  Assel  Water,  400,  491,  49:«. 

Mill,  508,  515,  517,  518,  519. 

Shallochbraik,  463. 

Burn,  Ballanti'ae,  424. 

Shank  Houp  section,  2!^. 
Shank's  Castle,  Logan  Water,  573. 
Shelly  mudstones,  Arenig,  39,  83,  288. 
Shiel  Burn,  Ayrshire,  54/,  549. 

Bi-andleys,  301. 

Crawfordjohn,  303. 

Crawick  Water,  317. 

Shiel  Hill,  Crawick  W  ter,  317,  318. 
Shielhope  section,  140. 
Shield  Burn,  Crawfordjohn,  322,  32;^. 
Sliinnel  conglomerate,  383. 

Head,  338,  339. 

Shortcleuch  W'ater,  Elvan  W^ater,  328. 
Shorthope,  119,  120. 
Bum,  120. 


Shoilwoodend  section,  l.'W). 
Siccar  Point,  209. 
Sim's  Bum,  295. 
S  I  Silver,  656. 

[  Sit  Burn,  Lugate  Water,  section,  195. 
Salachan  Farmhoi-sk,  452,  471,  499.      i  Skelfhill,  560. 
Hill,  448,  450,  452,  476.  I  Skeoch  section,  163, 
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Skirling  Craigs,  246. 

Slate  Cleuch,    Douglas    Runi,  Bection, 

141. 
Slate  quarries,  416,  6o3. 

—  Parton,  214. 

—  Stobo,  262,  6r>;V 
Slates  and  phyllites,  241. 
Slimon,  Dr.,  13,  14,  16. 

—  discovery  of  Kurypterids  at 
Lesmahagow,  13. 

Slitrig  Water,  551,  559. 

Klocknamorrow,  412. 

Slot  Burn,  578. 

Sloush  Bum,  294. 

Slunk  rainy  section,  188,  189. 

Smelting  mill,  LeadhiUs,  280. 

—  Wanlockhead,  293. 
Smithy  Burn,  585. 
Snarhead,  293,  324. 

Hill,  293. 

Snar  Old  Castle,  321. 

Water,  Leadhills,  293,  294,  324. 

—  section,  293,  294. 

—  conglomerate,  320. 

—  (lower  section),  321,  322. 

-  —  Dendi-oyraptua  from,  321. 
Sodafelsite-lava  at  Wrae,  55,  88,  257. 

Hamilton  HiU,  88,  260. 

Glencotho,  88,  258. 

South  Threave,  524. 

Southwick,  flaser  graniU^  from,  610. 

Southwood,  227. 

Bum  section,  227. 

-  Rig.  229. 

Soutra  Hill  section,  275. 
Sow  Bum,  Crawick  Water,  311. 
So  wen   Bum,    Wanlockhead,     section, 
293. 

Dod,  Wanlockhead,  293. 

Spango  Water,  326. 

-  granite,  326,  625. 

-  cherts  granulitized  by,  326. 

Spotfore  Bum,  313-317. 

section,  313-317. 

-   volcanic  rocks  of,  314,  315. 

Spout  Bum,  I»rg,  R.  Ken,  361,  362. 
Starfish  bed,  525,  526. 

fossils  from,  526. 

Stennies  Water.  R.  Esk,  557. 

S teuton,  279. 

Stbvensox,  Thomas,  8. 
—     —  Geology  of  Little  Ross,  Kirk- 
cudbright, 8. 

Stevenson  Hill,  252. 

Still  Burn,  Fountainhall,  194. 

Stinchar,  R.,  4;^1,  426,  432,  446,  463, 
471,  476,  485,  491,  523. 

limestone  group,    485   (see  Lime- 
stone). 


Stobs  Castle,  569. 

Gate,  559. 

Stockinray  Bay,  445,  459,  460. 

— agglomerate  at,  445. 

Benan  conglomerate  at,  445. 

diabase-porphyrite  at,  446. 

Stonehill,  Duneaton  Water,  327. 
Stoneykirk,  199. 
Stony  Knowes  Hill,  375. 
Stoodfold  Burn,  309,  311. 

—  Caradoc    volcanic   rocks    at, 

311. 
Strifeland  Bum,  R.  Stinchar,  452,  453. 
Stroan,  Glen  Trool,  396. 
Stroanfreggan  Bum,  343. 
Stroanpatnck  Burn,  343. 
Stroquhairn  Burn,  330. 
Swallow  Port,  Portpatrick  coast,  412. 
Syart  Law  section,  140. 
Syme,  L  T.,  8. 


Tableland,  Geographical  Sub-divisions — ' 

Belt,  Central,  37. 

I Northern,  37. 

I  —  Southern,  37. 

GirA'an  area,  37. 

Physical  Features  of — 

area,     boundary    fault. 


height,  scenery,  watersheds,  1-4. 
river  systems  of,  3. 


Tables — showing  relative  thicknesses  of 
Silurian  stra^  in  the  South  of  Scot- 
land, 79. 

showing    sub-divisions    of    Upper 

Silurian  rocks,  80^81. 

—  Ix)wer  Silurian   Rocks, 


82,83. 

Tachylite,  porphyritic,  445. 
Tait,  David,  567,  602,  606. 
Talla  Water,  143,  144,  145. 
Talnotrie,  plumbago  from,  173. 
Tannylaggie  section,  397,  398,  419,  420. 
Tappins  group,  83,  372,  423,  424,  426, 

430,  462,  463,  464. 
explanation    of     term,    372 

(footnote). 

HUls,  250,  423,  464. 


fossils  of  the,  488,  490, 
494,  495,  500,  503,  504. 

horizon  of  the,  47,  83. 


-  valley,   241,   423,    462,  485,   463, 
522. 
Straiton,  544,  547,  549. 
St.  Abbs  Head,  208,  209. 
St.  Medan's  Cell,  216. 
Stirches  Quarry,  208. 
Stobo,  200. 
Slate  Quarries,  262,  053. 


Tarannon  Rocks- 
General  description- 
Rocks,  58,  62. 
Fossils,  59,  62. 

Conditions  of  deposition,  59, 62. 
Detailed  description — 
Central  Belt,  198-216. 

Northern  base-line  of,  198. 
Sub-divisions  of,  201,  210,  213. 
Girvan,  area,  544-547. 
Sub-divisions  of,  544. 
Fossils  from,  545,  546,  547. 
Tarf  Water,  Wigtownshire,  183. 
Tarff  Water,  Kirkcudbrightshire,  172. 
Tarth  Water,  247,  252. 
Teall,  J.  J.  H.,  211,  259,  261,  306, 
312,  319,  431,  437,  445,  457,  468,  469, 
473,  476,  477,  478,  481,  482. 
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Tectonic      arrangement      of      Silurian  I  Upper  Bar,  Water  of  Urr,  169. 


Kidston,  Peebles,  260. 
Urr  Water,  159,  164,  167. 
section,  159-160. 


Valley,  old,  tiUed  with  Upper  Old  Red 

Sandstone  strata,  190. 
Variolitic   diabases  of   Mont  Cieiievre, 

86. 
Volcanic  Rocks  (Lower  iSilurian) — 
Area  occupied  by,  74. 
Petrography  of,  84-91. 
Ballftntrae  area,  421-464. 
Bail  Hill  area,  303-309. 
Polshill,  New  Cumnock,  366-368. 
Caradoc— 

Wrae,      Olencotho,        Drum- 
melzier,    Hamilton  Hill,    and 
Winkston,  257-260. 
ash  or  tuff  at  Camrie  Fell,  393. 


Strata,  69. 
Contact- metaniomhism,  77. 
Excavation  of  valley  system,  78. 
•■-    Intrusive  ign€K>UR  rocks,  76. 

Isolation     of      sub-formations    by 

denudation,  69. 
Modification  of  outcrops  by   pitch 

of  folds,  75. 
Period  of  elevation,  69. 
Schistositv  and  cleavage,  75. 
Structural     features    of     Silurian 

Belts,  71. 
Types  of  curvature,  70,  71. 
Tewsgill,  Abington,  300. 

Hill,  217,  226. 

Thirlstane  Score, — 
Thomson,  Wyvillk,  15. 
Thomylee,  204.  208. 
Thorter  Burn,  (iarvald,  278. 

Cleuch,  Leithen  Water,  193. 

Threepmuir  Reservoir,  606. 

Thunuerton  section,  505. 

Tig  Water,  452,  494,  499. 

Tima  Water,  212. 

Tinto  area  (south  of),  588. 

Tippet  Knowc,  239. 

Tongue  Bum,  352,  353,  354. 

TorUne  Bum,  350. 

Torr  Lane,  (Hen  Trool,  396. 

Torr  Point,  216,  553. 

Torres  Cave  Bay,  553. 

Tottlehams  Burn  section,  167  169. 

Tower  Bum,  Sanquhar,  305. 

Tralodden,  522. 

Tramitchell  section,  493,  494. 

limestone  Quarries,  493. 

Traqcjair,  I)r.   R.  H.,  565,  578,  588, 
593. 

—  Note  on  Siluitian  Fossil  Fishes  by,. 
565-567.  Wanlockhead,  328. 

—  Supplementary   Note    (1899)  by,    Wanlock  Water,  sections,  290,  291. 
588.  lower  section,  319,  320. 

TrcT^ton  limestone,  503.  Water  of  Ae,  152. 

Trochraigue,  504,  505,  528.  Waterhea<l,  Olengonner  W.,  280. 

—  Caradoc  fossils  from,  605.  WArcjii,  Andrkw,  208. 
Trough  Bum,  Dalmellington,  372.  Waulk  Mill,  Tarf  Water,  183. 
Trousby,  Lugate  Water,  196.                      Weatherlaw  Linn,  Pentland  Hills,  597, 
Trowdale  Glen  section,  164-167.  598. 

Trow  Grain  section,  109.  Wedderlie  Burn,  207. 

Trowier,  inlier  of  volcanic  rocks  at,  506.    Wee  Queensberry  Hill,  152,  154. 
—  Hill  section,  501.  Well  HiU,  Wanlock  Water,  292. 

Tynron,  348.  Wenlock  and  Ludlow — 


\V 


Walkkk  BrKN,  section,  205,  206. 
Wallace's  Cast,  Wandel  Water,  section, 

224,225. 

Cai-ad<K"  fossils  from,  226. 

comparison  of    fossils  with 

those  fi*oni    Kilbucho  conglomerate, 

243. 
Wandel  Water  basin,  217-226. 
Mill,  327. 


Typical  sections,  92-107. 

l>obb's  Linn,  92-100. 

Craigmichan  Scaurs,  100-107. 

Tweed,  R.,  Leaderfoot  section,  192. 


General  description — 
Rocks,  63,  64,  66. 
Fossils,  63,  64,  65,  65,  67. 
Conditions  of  deposition,  64,  67. 
Detailed  description — 

Blair  and  Straiton  area,  547-550. 
Southern  Belt,  551-563. 
Inliei*s  north  of  the  Tableland, 
Lanarkshire  and  Ayrshire,  664- 
576,   581 -.583,   586;    Pentland 
Hills,  589-,599,  600-606. 


U 

Ulzieside  Plantation,  351. 

pillowy  lavas  at,  361. 

Unconformabilitv,  local.  Cog  Burn,  296.  West  Challoch  Farm,  395. 

Glenalymer  Bum,  325.  Wether  Law,  246,  251. 

Kiln  Burn,  310.  Whaup   Hill   Station,  railway  cutting 

Underwood,  Rev.  Mr.,  566.  section  at,  215. 
Upper  Appin,  Shinnel  Water,  section.    Wheel  Burn,  207. 

345,  346.  ,  Whelphill,  Midlock  Water,  231,  232. 
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Whelplaw  Bui  ii,  207. 

Whing  Bum,  Euchaii  Water,  3^)2,  ^53, 

364. 
Whitecaini  Burn,  349. 
Whitecleugh,  Crawick  Water,  321. 
White  Dyke,  177. 

—  Spa,  Crows  Moor,  179. 
White  Gill,  Camps  Water,  2:^1. 
Whiteholni,  Daer  Water,  155. 
Whitehope  Bum,  113. 
Whitehouse  group,  82,  515,  51 K. 
Whitefield  Loch,  182. 

White  Port,  552,  554,  566. 
Whiteside,  Nether,  158. 

-  Upper,  159. 

—  Moor,  158,  159. 
Whitestone  Cleuch,  329. 
Wide  Hope  Shank  Hill,  252. 
Wigtown  Bay,  551. 
Willowford  Bum,  562. 
Wilson's  Bum,  Ballantrae,  430. 
Wind  (;ill,  238. 

Windy  Cleuch  Bum,  271,  272. 

Dod,  322. 
Windy  Law,  263. 

Windygate  Burn,  Elvan  Water,  328. 
Winkston,  260. 
—       fossils  fix)ra,  261. 

-  volcanic  rocks  at,  261. 
Winterclough  Bum,  Abington,  227,  228. 

schistose  lava  at,  228. 

Wolf  Cleuch,  T)ewar  Water,  194. 

Wolfelee,  560. 

Wolfhope  Burn,  Ewch  Water,  557. 


Woodlield  Burn,  562. 

Woodheacl  Farmhouse,  Craighead  Hill, 

462. 
WiKMlhead    Lead     Mines,    Carsphairu, 
I      378,  654. 
Woodland,  527. 

Bay,  517.  522,  542,  54:^. 
Point,  542,  543.  544. 
Woody  Cleuch,  235. 
i  Woolandslee     Burn,    Lei  then     Water, 
!      section,  193. 

Woolshears  Hill,  ("astlecraig,  247. 
Wrae,  255^  258. 

limestone,  232,  256,  257. 

—  nodules  representing  the,  232, 

—  Quarries,  256. 

—  plans  of,  266. 

—  fossils  fi*om,  267. 

—  Hill,  265. 
.stxla-felsite  fi-om,  267. 

—  tuff  from,  257. 


Y 


YouNti,  Jamkk,  567. 
Yoitm;,  Professor  J.,  16,  16. 


Z 


Zinc  oRt>*,  656. 


8.  DESCRIPTION  OF  MICRO-PHOTOGRAPHS  (PLATES 

XVIII.  TO  XXV.). 


PLATE  XVIII. 


1.  (6415). — Basic  lava;  slaggy  margin  of  pillow-shaped  mass.  360 
yards  N.  of  Port  Vad,  Ballantrae.     Magnified  14  diameters. 

The  large  amygdaloid  iK  mainly  filled  with  calcite.  A  little  inter- 
stitial matter  may  be  seen  round  the  margin.  The  irregular  cavity 
below  contains  both  calcite  and  interstitial  matter.  At  the  upper 
left-hand  margin  is  seen  a  portion  of  a  large  amygdaloid  entirely  filled 
with  interstitial  matter. 

The  main  mass  of  the  rock  is  formed  of  microlitic  felspars,  augite* 
granules,  chlorite,  magnetite,  and  interstitial  matter.  The  microliuc 
felspars  only  can  be  clearly  recognised  in  the  figure. 

2.  (6415). — Another  portion  of  the  same  slide.  Magnified  27  dia- 
meters. 


PLATE  XVIIl. 


Fig.  I.     Basic  Lava. 


Fig.  3.     Basic  Lava,  x  37. 


PLATE  XIX. 


1.  (6416). — Core  of  one  of  the  pillow-shaped  masses.  M.'ignified  27 
diameters. 

The  poi-tion  of  the  slide  repi^esented  in  the  figure  contains  vesicular 
lapilli ;  other  portions  of  the  same  slide  are  similar  to  the  main  mass  of 
the  amygdaloidal  rocks. 

2.  (6419). — Porphyritic  lava.  On  shore  400  yards  S.  of  fifth  milestone 
from  Girvan.     Magnified  14  diameters. 

Large  phenocrysts  of  basic  plagioclasc  in  a  ground-mass  of  small 
felspars,  chlorite,  small  augites,  and  a  little  interstitial  matter. 


PLATE   XIX 


Fig.  I.     Lapilliin  Basic  Lava,  x  27. 


Fig.  2,     Porphyritic  Basult. 


^ 


PLATE  XX. 


1.  (5927). — Littleton  Hill,  Colmonell.  Mass  surrounded  by  serpen- 
tine.    Magnified  14  diameters. 

Portion  of  a  large  phenocryst  of  plagioclase  containing  inclusions  of 
brown  hornblende  in  a  ground-mass  of  brown  hornblende,  granulitic 
plagioclase,  and  iron  ore. 

2.  (6495). — From  boss  near  sheepfold,  half  a  mile  due  W.  of 
Balhamie  Hill.     Magnified  27  diameters. 

The  dark  patches  are  aggregates  of  brown  hornblende  j  the  white 
patches  are  aggregates  of  giunulitic  felspar.  It  will  be  observed  that 
some  of  the  patches  of  granulitic  felspar  show  decided  traces  of  a  lath- 
sluiped  form. 

It  is  probable  that  the  original  i*ock  was  a  dolerite. 


Fig.  I.     Plagicclue-tionibleDd(i-rock. 


Fig.  2.     Flagioclase-bornble:i(ie-rock.  x  -j^. 


PLATE  XXI. 


1.  (7150). — Crest  of  Hamilton  Hill,  Peeblesshire.  Soda-felsite. 
Magnified  27  diameters. 

Small  phenocrysts  of  alkali-felspar  in  a  ground-mass  mainly  composed 
(if  microlitic  felspars  (specimen  analysed). 

2.  (7162).— Winkston  Hill.  Two  miles  N.  of  Peebles.  Perlitic 
felsite.     Magnified  27  diameters. 

The  perlitic  cracks  ai*e  stained  with  ferric  oxide.  In  the  lower  part 
of  the  figure  the  dark  space  represents  a  portion  of  a  mass  of  carbonate 
which  appears  to  replace  the  felsite,  and  through  which  the  perlitic 
cracks  pass  without  interruption. 


PLATE  XXI. 


Fig  1.     Soda-felsite.  x  ^7- 


Fig.  a.     Perlitic  Felsite. 


PLATE  XXI T. 


1.  (6494). — Near  old  loch,  Craig  Hill.  One  mile  N.fi.  of  Gamabum. 
Magnified  27  diameters. 

Banded  granulitic  rock  composed  of  malacolite,  felspar,  brown  horn> 
blende,  and  iron  ores. 

The  greater  portion  of  the  figure  represents  a  band  of  malacolite, 
felspar,  and  iron  ore ;  at  the  top  and  slightly  to  the  left  is  a  small  portion 
of  a  band  formed  of  hornblende  and  felspar.  This  rock  is  the  beer- 
bachite  of  Chelius. 

2.  (6453). — Dolerite  from  centre  of  dyke,  Lendalfoot.  Magnified 
14  diametei*8. 

The  minerals  ^presented  are  augite,  more  or  less  ultei*ed  plagioclase, 
and  magnetite.  The  augite  shows  a  marked  tendency  to  elongation  in 
the  direction  of  the  vertical  axis. 


Fig.  I.     Graaulitic  Gabbro.  x  37. 


Fig.  3.    Dolerite. 


PLATE  XXIII. 


1.  (6432). — Homblende-picrite.  Thin  dyke-like  vein  in  serpentine, 
200  yards  west  of  Balhamie  Burn.     Magnified  1 4  diameters. 

The  dominant  mineral  is  olivine,  occurring  in  large  grains,  and 
traversed  by  the  usual  anastomosing  veins,  along  which  magnetite  has 
been  deposited.  The  spaces  between  the  grains  are  now  occupied  by 
brown  hornblende  and  alteration  products  after  felspar.  The  amount 
of  felspai*  originally  present  must  have  been  veiy  small. 

2.  (6470). — Coarse-grained  ophitic  dolerite,  east  side  of  Byne  Hill, 
6  yards  from  edge  of  mass.     Magnified  14  diametei^s. 

The  conspicuous  patch  near  the  centre  represents  an  allotriomorphic 
grain  of  olivine.  The  other  minerals  are  augite  and  more  or  less 
turbid  plagioclase.  A  lobe  of  the  olivine  gi*ain  is  seen  in  contact  with 
augite  in  the  lower  or  south-east  quadrant,  and  the  latter  mineral  is 
moulded  on  the  former.  As  the  olivine  is  clearly  allotriomorphic  with 
respect  to  the  felspar,  the  order  of  consolidation  in  this  rock  has  been 
basic  plagioclase,  olivine,  augite. 


PLATE  XXni. 


Fig.  I.    Hornblende-picrite.  x  14. 


Fig.  2,    Ophitic  Dolerite.  x  14. 


PLATE  XXIV. 


1.  (6470). — Another  portion  of  the  same  slide.  Ma|piified  14  dia- 
meters. 

The  lower  half  of  the  figure  is  occupied  by  one  large  ophitic  patch 
of  augite,  which  is  prolonged  towards  the  north-west.  The  lower  part 
of  this  patch  is  clear  and  unaltered,  but  the  peripheral  parts,  and 
especially  the  north-west  prolongation,  are  formed  of  an  intimate  inter- 
growth  of  augite  and  hornblende,  and  appear  dark  in  the  figure.  It  is 
probable  that  the  whole  patch  consolidated  as  augite,  and  that  the 
hornblende  is  therefore  secondary.  The  other  portions  of  the  figure 
represent  basic  plagioclase. 

2.  (6571). — Gneissose  hornblende  biotite -granite.  North  of  Kell's 
Farm,  South  wick.     Magnified  14  diameters. 

The  minerals  present  in  that  portion  of  the  slide  which  is  here 
represented  are  quartz,  felspar,  biotite,  and  hoiiiblende ;  but  the  two 
latter  cannot  be  distinguished  in  the  figure.  The  interstitial  movement 
which  produced  the  gneissose  structure  is  indicated  by  the  distribution 
and  forms  of  the  opaque  streaks  and  patches  (biotite  and  hornblende). 


PLATE  XXIV. 


Fig.: 


PLATE  XXV. 


1.  (7050). — Quai*tz-biotite-hypei'ite.  Black  Laggan,  Loch  Dee. 
Magnified  14  diameters. 

The  minerals  represented  are  hypersthene,  biotite,  felspar,  and  quartz. 
A  large  crystal  of  hypersthene  occurs  in  the  north-west  quadrant,  and 
there  are  several  smaller  grains  of  the  same  mineral  in  other  parts  of 
the  figure.  The  opaque  patches  represent  biotite,  and  the  colourless 
portions  felspar  and  quartz. 

2.  (7047).— Camptonite,  Black  Gairy  Hill.  Five  miles  S.W.  of 
Loch  Dee.     Magnified  14  diameters. 

Idiomorphic  pale  brown  hornblende  in  a  felspathic  matrix.  Under 
crossed  nicols  the  matrix  breaks  up  into  an  aggregate  of  large  grains, 
which  mutually  interfei^  with  each  other.  The  felspar  belongs  to  the 
oligoelase-andesine  section. 


PLATE  XXV. 


Fig  I.     Quartz-biotite-h3rperite.  x  14- 


Fig.  2.     Camptonite. 


EXPLANATION  TO  PLATE  XXVI. 


-ARENIG  AND  LOWER  LLANDEILO  0RAPT0LITK8. 

1.  Dichograptus  octobrschiatua  (ifdU.)"  J, 

2.  Brjc^nptua  Kjerulfi  (Lapto.)  x  2. 

3.  TetragTsptuH  brjoQoidea  (flati.) 

4.  PhvllogTaptu8typuB(faJl.)>i. 

5.  DidymogroptuH  Murchieoni  (Barr.) 
«.  „  i\  Inctut  (Saa.) 

7.  niti6ue(Hall). 


R     UPPER    LUANUEILIJ  (GLENKlLNl  URAPTOLITES. 

I.  Didy nic^niptus  suiwrstes  (Ldpu'.) 
i.  Ccenognptua  gracilis  (HaU.) 

3.  DiwiUc^niptus  BBitona  (floiU 

4.  ,,  divaricstiu  (Halt.)  • 


AND    Ll,ANDElLO   (.!HAPT0[,ITI'3    (at'ttT  Lnpwoi  l:h| 


EXPLANATION  TO  PLATE  XXVII. 


C.  -CARADOC  (HARTFELL)  ORAPTOLITES. 

1.  Pleurograptus  linearis  (Ocirr.) 

2.  Leptograptus  flaccidus  (HaU.) 

*6.  Dioellograptus  oomplanatus  (Lapu).) 

4.  ,.  Morrisi  (Hopk,) 

5.  ,,  caduoeuB  (Imw.) 

6.  DicranograptuB  Clingani  (Bvpk,) 

7.  ,,  NicholflonifAopA'.) 

8.  J,  ramosuB  (HaU.) 

9.  Cliniaoograptus  Wilsoni  {Lapv\) 

10.  Diplograptus  quadrimucronatus  (//a//.) 

11.  ,«  foliaceuB  (Murch.) 

12.  ,,  truncatus  (Lapw,) 

13.  Laaiograptua  margaritatus  (Lap\v:) 

14.  Neurograptus  fibratus  {La/pvo.) 

15.  Corynoides  calycularis  {Nich.) 


D.— UPPKR   SILURIAN  (ORAPTOLITES 

1.  DiplograptUB  vesiculoBus  {Nick,) 

2.  ,,  acuminatus  {Nick,) 

3.  Cephalograptus  coxneta  {Oeinitz.) 

4.  Petalograptus  folium  {His,) 

5.  DimorphograptuH  Swanstoni  {Lapw.) 
(5.  Clitnacograptufl  rectangularifi  (ArCot/.) 

7.  M  normalia  (ixipti'.) 

8.  MonograptuH  crispus  {Lapw^ 


9. 

spiralis  {Geinitz.) 

10. 

iriangulatus  {Harkn.) 

11. 

exiguus  {Nick, ) 

12. 

gregarius  {Lapw. ) 

13. 

cyphus  {Lapw,) 
lobiferus  {m^Coy. ) 

14.        -    , 

15. 

colonus  {Barr,) 

16. 

jaculuin  {Lapw,) 
Sedgwicki  (Port/.) 

17. 

18. 

priodon  {Bronn.) 

19. 

turriculatuB  {Bair. ) 

*J0.   Rastriten 
21. 

peri^iuuB  {Bart. ) 
maximuB  {Carr.) 

22.  CyrtograptuB  Murchiaoni  {Oarr. ) 

PLATE  XXVII. 


Caradoc  axi)  Upper  Silurian  CiRAFniLiTts  (after  IjipworthJ. 
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TABLB  OF  SIGNS  aitd  OOLOURa 


Upptti 


Ludhm-WenlocL 


r    1>*    J  Uamd&ver^. 


i 


JtadMaruMCUrl 


g 


CanieH^Mtrantout 


OamdiOc-ZtUMdeilok 

Armiff  {in  pari). 


JHabamand 
Andetiu4a'mu,  dtc 


fjM,  OatbrOf  dx. 
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